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I 
Abstract 
The amount of electronic waste generated globally is alarming especially that it is on the rise. 
The impact of the generated amounts is not only Environmental. The electronic waste sector is 
unregulated in most developing countries; this results in the informal sector being heavily 
involved in managing and handling it. Due to the lack of regulations, informal handlers are 
exposed to hazardous materials that affects both their health and health of the communities living 
in their proximity. Moreover, the informal sector involves illegal child and women labor under 
harsh conditions. In addition to the social impact, the lack of regulations leads to missing major 
economic opportunities associated with developing a recycling industry for the safe handling and 
material recovery from the generated e-waste volumes. Electronic waste may contain up to 60 
different materials including precious and rare-earth metals with estimated equivalent economic 
value of 48 billion Euros (Baldé, Wang, Kuehr, & Huisman, 2015; Tansel, 2017). Egypt is one 
the countries which lack policies and regulations dedicated to e-waste, hence the Egyptian 
economy is missing the economic potential and job creation opportunities associated with 
developing the e-waste sector as well as facing major Environmental and health challenges due 
to the improper handling of the generated amounts. This thesis investigates the current situation 
of e-waste in Egypt through interviews with major stakeholders in the sector as well as a 
questionnaire. The thesis then proposes an adapted guideline for the sustainable management of 
e-waste in Egypt. The guideline is based on the international regulations and guidelines 
especially those of countries similar to the Egyptian socioeconomic context.  
Finally, the possibility of upcycling the rejects produced from the e-waste recycling processes is 
tested. Nonmetals represent around 70% of the total weight of the generated e-waste; these 
nonmetals include fiberglass and resins which are used in the manufacturing of PCBs (Kaya, 
2016). In the Greater Cairo Area only, it is estimated that around 150 ton/year of PCBs are 
generated (Fathya Soliman & Mounir Boushra, 2017). Thus, the achieved results from upcycling 
the PCB powder into a composite material, which can replace marble to be used for tabletops or 
tiles, were a step ahead to realizing sustainable e-waste rejects handling. The produced material 
has an average flexural strength of about 1773 MPa compared to 1431 MPa for marble and the 
weight loss during abrasion test of the produced materials was between 0.13%-1.5% compared to 
about 8.8% for marble. 
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1 
Chapter 1 : Introduction 
Electronics and electronic devices have become a significant part of everyday life for the billions 
of people living around the globe. The technological advancement in material science coupled 
with the demand for better lifestyles is the reason behind such a massive penetration. However, 
this advancement comes at a cost which was not recognized until recently. The amount of waste 
generated from the disposal of electronics and electronic devices, known as E-waste, has been 
rising ever since. E-waste is the waste generated from any device or equipment that uses 
electricity to operate and has reached its end of life cycle or is disposed of due to technological 
advancements. These devices include, but are not exclusive to, computers, cellphones, large 
equipment such as washing machines and refrigerators, and small equipment such as vacuum 
cleaners and toasters (Kumar, Holuszko, Crocce, & Espinosa, 2017; Perkins, Brune Drisse, 
Nxele, & Sly, 2014; Tansel, 2017). 
The reason behind the significance of e-waste lies in its economic potential and environmental 
threats. E-waste consists of a combination of materials some of which are toxic and hazardous, 
and others are not easily degradable. Among the different materials that can be found in e-waste 
are metals, plastics, glass and rare earth elements (Tansel, 2017). When e-waste is not included 
in a recycling scheme and is disposed of in dumpsites, landfills, and incinerators, these materials 
are lost, and with it, a tremendous economic opportunity is wasted in addition to the 
environmental pollution that is caused. Many of the metals included in e-waste are precious 
metals like gold, silver, aluminum, and titanium; these metals when recycled help save 
substantial amounts of money, energy, and pollution that would otherwise result from their 
extraction and production from their raw ores. Also, improper disposal can affect the 
environment in which they are dumped or landfilled especially when these heavy metals find 
their way into the soil and underground water. In addition to the economic and environmental 
aspects of e-waste, there is a social aspect that is mainly related to health threats due to the 
informal handling of e-waste by unregulated sectors in developing countries. The exposure to the 
heavy metals and hazardous byproducts that are released during the handling process has an 
adverse effect on the communities which are directly exposed to them. Especially that children 
are the most vulnerable to high levels of exposure either as secondhand exposure from their 
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parents who work in the unregulated handling sector or as workers, who are subjected to child 
labor (Perkins et al., 2014).  
Exact quantities of e-waste are hard to estimate. This is due to the fact that most e-waste is 
handled by the informal sectors or is illegally exported to developing countries where labor cost 
is cheaper (Perkins et al., 2014; Tansel, 2017). The exportation purpose of e-waste differs from 
one country to another; in most Asian countries, the imported e-waste is dismantled by the 
informal sector whereas, in African countries, they reuse the imported electronic products 
(Kiddee, Naidu, & Wong, 2013). Attempts to estimate the volume of e-waste generation show an 
apparent disparity between the e-waste generation in developed and developing countries with 
developed countries ranking higher (Kumar et al., 2017; Tansel, 2017). One reason behind such 
disparity is the high living standards and more luxurious lifestyles. The United States is the 
largest producer of e-waste globally, and most of the generated waste in 2009 ended up in 
landfills and incinerators (Reis De Oliveira, Bernardes, & Gerbase, 2012). It was estimated that 
41.8 million tons of e-waste were produced in 2014 with large equipment like microwaves, 
toasters, calculators and ventilation equipment having the highest share (Baldé et al., 2015; 
Kumar et al., 2017). However, only 6.5 million tons of which were documented and 
appropriately recycled according to the international standards and regulations (Baldé et al., 
2015). The generation of e-waste is expected to continue growing exponentially at rapid rates 
(Kumar et al., 2017; Perkins et al., 2014) which should be alarming especially that the e-waste 
management sector is still underdeveloped. Most studies (Kiddee et al., 2013; Kumar et al., 
2017; Perkins et al., 2014; Reis De Oliveira et al., 2012; Tansel, 2017) view the rapid 
technological advancement which leads to shorter replacement period of electronics as the main 
reason behind the exponential growth; for instance, the life span of computers has dropped from 
4 years to 2 years. 
E-waste does not include only consumer products. The global energy sector is becoming a 
significant contributor to e-waste generation with the recent resort to renewable energy 
resources.  The energy sector plays a vital role in the world economy. In the year 2016, 2.2% of 
the global GDP was spent on investments in the energy sector, and the electricity sector ranked 
first in terms of investments share (International Energy Agency, 2017). The investments were 
focused on raising the energy capacity by 50%, and it was mainly achieved from investments in 
renewables which reached 297 billion USD. The move towards renewables is highly related to 
the increased awareness about the impact the energy sector leaves on the environment. Although 
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fossil fuels have long been the primary source of energy and countries have been relying on it 
heavily in meeting its energy demands, the fact that they are non-renewables has raised a flag to 
the need for a shift to renewables. Renewables ensure energy security, a term often interpreted as 
meeting the demand for energy by domestically producing it without depending on imports 
(Popescu, 2015). Solar Photovoltaics (PV) technology is a form of renewable energy that has 
gained increased appeal globally. With an annual growth of more than 20%, the demand for PV 
in generating electricity has increased globally to 57 GW in 2015 making it the fastest growing 
industry in the world (Luo et. al, 2008 & Winneker, 2013 as cited by Xu, Li, Tan, Peters, & 
Yang, 2018). It is estimated that the growth in PV global capacity would reach 700 GW by 2020 
and 4500 GW by 2050 (Sica, Malandrino, Supino, Testa, & Lucchetti, 2018).  
Solar PV technology is seen as a sustainable alternative to fossil fuel. It is clean with no carbon 
emission, and the fact that solar energy is renewable is what makes it sustainable. For that 
reason, Solar PV is used as a way of achieving the 7th goal of the Sustainable development 
Goals (SDGs), which aims to “Ensure access to affordable, reliable, sustainable and modern 
energy for all” (United Nations, n.d.-a, n.d.-b). However, due the fact that the service life of solar 
PVs are relatively long, around 25 years (Xu et al., 2018), their retirement and decommission has 
not yet been seen as alarming, yet with the expected enormous growth, proper End-of-Life 
(EOL) management for PV modules will be critical to the sustainability of solar PV.  This also 
poses a threat to achieving the 12th SDG which aims to “Ensure sustainable consumption and 
production patterns” (United Nations, n.d.-a, n.d.-b) through the responsible use of resources as 
well as the proper management and disposal of hazardous wastes. Decommissioned solar PV 
modules contain hazardous and rare metals like Cadmium, Lead, Indium, Gallium, and 
Germanium. With the lack of EOL plans, these metals are usually lost to landfills and dumpsites. 
Other raw materials are also lost including the aluminum frames and more importantly silicon  
(Xu et al., 2018). 
Improper disposal of solar PV modules also hurts the economy. The wasted raw materials, if 
recycled, can save the cost needed for mining and producing new raw materials which is usually 
a costly process. 
Currently, Egypt has no e-waste regulation that dictates proper and safe handling and treatment 
of the generated e-waste. The amount of e-waste generated in Egypt in the year 2014 was 0.37 
million tons making Egypt amongst the top e-waste generating countries in Africa followed by 
South Africa and Nigeria (Baldé et al., 2015). In addition to consumer products e-waste 
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generated from rapid technological advancement, Egypt is currently facing a rapid rise in energy 
demands due to rapid urbanization and economic and population growth. However, the current 
infrastructure is falling behind the increasing demand; this has led to the government proposing 
new plans to develop its renewable energy sector in order to cover the increasing demand. Egypt 
has 9-11 hours of sunlight/day; this comes with Egypt having an annual daily direct solar 
radiation range between 5.4 and 7.1 kWh/m2, giving the country the potential to generate 74 
billion MWh/ year from solar power only (Ibrahim, 2012).  In the year 2012, Solar PVs 
contributed with 237 GWh in energy production, and according to statistics, as of 2015, 
renewables represented only 2.2% of the total electricity generating capacity of Egypt (Aliyu, 
Modu, & Tan, 2018). These numbers provide an insight into the size of the e-waste problem 
Egypt is currently facing which is expected to grow even bigger. 
In order to more accurately describe and analyze the e-waste problem in Egypt, it is essential to 
define e-waste and all its categories clearly as well as distinctly understand the implications of 
the problem and the potential opportunities that can be derived from tackling the problem. 
1.1. What is e-waste 
The term “e-waste” is a broad umbrella under which many categories fall. However, the 
definition differs globally, which results in an ununified definition of the problem. Globally, e-
waste is agreed to be consumer electronics such as computers, mobile phones, and screens, 
known as brown goods. On the other hand, inconsistencies in the definition include larger 
equipment such as refrigerators and air conditioners, known as white goods, microwave ovens 
and coffeemakers, medical equipment, toys, recreational machines and batteries (Nnorom & 
Osibanjo, 2008; Tansel, 2017). It is important to mention that some of these items that are not 
fully agreed upon as e-waste have their regulations outside the framework of e-waste regulations 
in some countries. Perkins et al. (2014) defined the different types of E-waste based on technical 
guidelines developed by the Basel Convention as shown in Table 1-1. The table highlights the 
common practice of labeling EEE that is not functioning and cannot be repaired as “used EEE” 
instead of “waste”. This leads to the clearing of waste EEE to be imported breaching the Basel 
convention. This explains the reason behind some countries banning the importing of any used 
EEE whether functioning or non-functioning. However, this thesis will discuss only the 
consumer electronic waste excluding refrigerators, air conditioners, power machines, etc. 
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Table 1-1: Types of E-waste based on the Basel Convention technical guidelines (Reproduced from Perkins et al., 2014 under 
CC) 
Type of Stream Description Classification 
New and functioning 
EEE 
New products or components 
being delivered and shipped 
between different countries. 
This stream is classified as “non-waste” by default 
(new products for distribution). 
Used and functioning 
EEE suitable for 
direct reuse 
The equipment needs no further 
repair, refurbishment, or 
hardware upgrading. 
This stream can be classified as “non-waste”; 
however, in some countries, export/import 
restrictions apply. 
Used and 
nonfunctioning but 
repairable EEE 
Equipment that can be repaired, 
returning it to a working 
condition performing the 
essential functions it was 
designed for. Testing is 
required to determine this 
condition. 
Classification of this stream is under discussion by 
Basel Parties, as the repair process may result in 
hazardous parts being removed in the country of 
repair, thus possibly resulting in transboundary 
movement of hazardous waste. Some countries 
would classify this stream as “waste”; others 
classify it as “non-waste.” 
Used and 
nonfunctioning and 
nonrepairable EEE 
The common form of “e-
waste.” Can be mislabeled as 
“used EEE.” 
Should be classified as “waste.” 
WEEE EEE that is waste within the 
meaning of the Waste 
Framework Directive context, 
including components and 
subassemblies. 
Should be classified as “waste.” 
1.2. Impact of untreated e-waste 
There are direct health and safety ramifications resulting from the unregulated informal sectors 
handling e-waste. Such hazards are partially tied to the negative environmental impact of e-
waste. E-waste comprises of a variety of materials; among which some are toxic and hazardous 
heavy metals. When dumped and disposed of in landfills, the leachate produced usually finds its 
way to the soil and underground water which exposes human health to danger. 
On the other hand, incinerators release the toxic gases produced from the combustion of e-waste 
into the air which also affects the human health in surrounding communities. Most developing 
countries which import e-waste and recycle it lack regulatory policies that ensure the safety of 
the workers. In fact, the recycling process is highly primitive and labor dependent; e-waste is 
dismantled using chisels and hammers, and precious metals like gold are extracted in open-pit 
acid baths without any proper protection (Perkins et al., 2014). In addition, in areas where e-
waste is treated manually in backyards, the nearby freshwater, soil, and air were found to be 
contaminated with particles of heavy metals, organic pollutants, and plastics. This was found in 
recent studies that included global hubs for e-waste manual recycling such as Guiyu and Taizhou 
in China, Gauteng in South Africa, New Delhi in India, Accra in Ghana and Karachi in Pakistan 
(Kiddee et al., 2013). Nearby residents to areas of informal e-waste handling are usually exposed 
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to such hazards either directly as laborers or as a secondhand exposure from dealing with 
workers or from the toxicants entering their food chain through water, air, and soil (Kiddee et al., 
2013). High levels of pollutants like heavy metals and toxicants were found in tissue samples 
from residents living in proximity of e-waste handling areas (Song and Li, 2014 and Wang et al., 
2016 as cited by Tansel, 2017). Kiddee (2013) compiled the common toxicants produced from e-
waste and their impact on human health in Table 1-2. It is clear from the table that many of the 
substances are carcinogenic whether from direct contact such antimony, beryllium, and nickel or 
indirectly such as Chlorofluorocarbons which contribute to the erosion of the ozone layer leading 
to higher occurrences of skin cancer. Many countries including the EU have restrictions on the 
use of some of these substances in EEE. These restrictions aim to put the usage of such toxicants 
to a minimum and ensure their proper handling to avoid their harmful impact on the environment 
and human health. 
Table 1-2: Toxicants produced from e-waste and their impact on human health (Reproduced from Kiddee et al., 2013 with 
permission) 
Substance Applied in e-waste Health impact 
Antimony (Sb) a melting agent in CRT glass, 
plastic computer housings and a 
solder alloy in cabling 
Antimony has been classified as a carcinogen. It can 
cause stomach pain, vomiting, diarrhea and stomach 
ulcers through inhalation of high antimony levels 
over a long time period 
Arsenic (As) Gallium arsenide is used in 
light emitting diodes 
It has chronic effects that cause skin disease and lung 
cancer and impaired nerve signaling 
Barium (Ba) Sparkplugs, fluorescent lamps 
and CRT gutters in vacuum 
tubes 
Causes brain swelling, muscle weakness, damage to 
the heart, liver and spleen though short-term exposure 
Beryllium (Be) Power supply boxes, 
motherboards, relays and finger 
clips 
Exposure to beryllium can lead to beryllicosis, lung 
cancer and skin disease. Beryllium is a carcinogen 
Brominated flame 
retardants (BFRs): 
(polybrominated 
biphenyls (PBBs), 
polybrominated 
diphenyl ethers (PBDEs) 
and 
tetrabromobisphenol 
(TBBPA)) 
BFRs are used to reduce 
flammability in printed circuit 
boards and plastic housings, 
keyboards and cable insulation 
During combustion printed circuit boards and plastic 
housings emit toxic vapors known to cause hormonal 
disorders 
Cadmium (Cd) Rechargeable NiCd batteries, 
semiconductor chips, infrared 
detectors, printer inks and 
toners 
Cadmium compounds pose a risk of irreversible 
impacts on human health, particularly the kidneys 
Chlorofluorocarbons 
(CFCs) 
Cooling units and insulation 
foam 
These substances impact on the ozone layer which 
can lead to greater incidence of skin cancer. 
Hexavalent 
chromium/chromium VI 
(Cr VI) 
Plastic computer housing, 
cabling, hard discs and as a 
colorant in pigments 
Is extremely toxic in the environment, causing DNA 
damage and permanent eye impairment 
  
 
7 
Lead (Pb) Solder, lead-acid batteries, 
cathode ray tubes, cabling, 
printed circuit boards and 
fluorescent tubes 
Can damage the brain, nervous system, kidney and 
reproductive system and cause blood disorders. Low 
concentrations of lead can damage the brain and 
nervous system in fetuses and young children. The 
accumulation of lead in the environment results in 
both acute and chronic effects on human health 
Mercury (Hg) Batteries, backlight bulbs or 
lamps, flat panel displays, 
switches and thermostats 
Mercury can damage the brain, kidneys and fetuses 
Nickel (Ni) Batteries, computer housing, 
cathode ray tube and printed 
circuit boards 
Can cause allergic reaction, bronchitis and reduced 
lung function and lung cancers 
Polychlorinated 
biphenyls (PCBs) 
Condensers, transformers and 
heat transfer fluids. 
PCBs cause cancer in animals and can lead to liver 
damage in humans 
Polyvinyl chloride (PVC) Monitors, keyboards, cabling 
and plastic computer housing 
PVC has the potential for hazardous substances and 
toxic air contaminants. The incomplete combustion 
of PVC release huge amounts of hydrogen chloride 
gas which form hydrochloric acid after combination 
with moisture. Hydrochloric acid can cause 
respiratory problems 
Selenium (Se) Older photocopy machines High concentrations cause selenosis 
1.3. Potential opportunities  
Before becoming e-waste, products were initially high technology sophisticated commodities. To 
be manufactured, these products require a variety of materials especially rare earth elements and 
precious metals, due to their unique characteristics which allow for the high technological 
advancement. E-waste is an excellent resource for materials; for instance, it is estimated that 
43% of all the gold produced worldwide and 7275 tons of silver end up in the production of 
electronics (Kaya, 2016). Tansel (2017) reviewed different papers which calculated the number 
of materials some of the most common e-waste products enclose; for instance, mobile phone 
need around 60 different materials to be manufactured while computers require over 30 
materials. Of these materials, metals constitute 50% of a mobile phone’s weight and 60% of a 
computer. Among the materials included in e-wastes are metals such as iron, copper, and 
aluminum in addition to plastics and glass (Kumar et al., 2017). Baldé et.al (2015) estimated the 
materials quantities found in e-waste as well as their equivalent economic value that can be 
gained in case of recycling these materials; which can be found in Table 1-3. Although according 
to the table, iron steel is the most abundant material found in e-waste in terms of quantity, it does 
not rank at the top in term of estimated economic value. Surprisingly, plastics account for the 
highest estimated economic value and also the quantity produced from e-waste is significant. 
This is important when considering which materials are deemed economically viable to build an 
industry around their mining from e-waste, treatment and then reuse or recycling in the 
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production of new products. According to Kaya (2016), Printed Circuit Boards (PCBs) are the 
most valuable part of waste electronics. They contain a mixture of metals, mainly copper at 
around 30% and 10-20% solder in addition to other metals like lead, iron, nickel, gold, and silver 
with contents ranging between 5% to 0.01%, as well as non-metals. The purity of these precious 
metals is relatively high which makes the extraction and recycling of these materials in an 
environmentally friendly manner attractive (Zhou and Qiu, 2010 as cited by Kaya, 2016). 
Table 1-3: Materials found in e-waste and their estimate economic value (Reproduced from Baldé et al., 2015 under CC) 
Material Quantity (Kilotons) Estimated Value (million 
euros)  
Iron, steel 16,500 9,000 
Copper 1,900 10,600 
Aluminum 220 3,200 
Gold 0.3 10,400 
Silver 1.0 580 
Palladium 0.1 1,800 
Plastics (PP, ABS, PC, PS) 8,600 12,300 
The investigation carried out by Widmer et al. (2005) found that similar composition patterns are 
maintained across the EU and Switzerland. The pattern shows that between 47% to 60% of the 
total generated WEEE by weight is iron and steel ranking as the most significant component by 
weight. Plastics and screens follow with percentages of around 15% and 12% respectively 
(Widmer et al., 2005). 
This complexity in materials poses a challenge to the efficient extraction and recycling of these 
materials from e-waste in order to be further reused instead of being wasted. Most extraction and 
recycling methods, especially for metals and rare earth elements, are energy intensive with 
complex processes and high labor demand (Tansel, 2017).  
The previous numbers reflect the tremendous economic potential for the recycling of e-waste. 
The value of materials included in the e-waste generated in 2014 was estimated, by Baldé et al. 
(2015), at 48 billion Euros. Given the large amount of rare and precious materials that are found 
in electronics, and the increasing demand, environmental resources were put under stress, and 
some of the major producing countries introduced restricting policies regarding their production 
and exportation, this has resulted in price spikes. For instance, after the introduction of the 
Chinese restriction on the production of neodymium, a rare earth precious metal that is used in 
the production of magnets and lasers, its price reached $460,000 per kg instead of the initial $40 
(Tansel, 2017). The printed circuit board is considered the most valuable component of e-waste 
since it has around 40% of all the metals found in e-waste mainly gold, silver, and palladium. 
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Copper is also another metal that can be found heavily in most e-waste components, for instance, 
it makes up around 13% of the weight of a mobile phone, and the percentage reaches 20% in the 
case of PC boards (Kumar et al., 2017).  
The recycling of materials extracted from e-waste saves a tremendous amount of energy that 
would otherwise be required to extract and manufacture virgin materials. Energy savings from 
recycled materials can reach up to 95% (Nnorom & Osibanjo, 2008). To give a sense of scale, 
the production of a computer and a monitor consumes 1.5 tons of water and 240 kg of fossil fuel 
in addition to the chemicals and materials used, and the energy saved from the recycling of 1 
million laptops can power 3657 homes a year (Kaya, 2016). Such energy savings are translated 
into economic benefits to the producers as well as pollution reduction to the environment. The 
economic importance of e-waste does not only lie in the money saved from the urban mining of 
materials, yet the handling and recycling of e-waste create job opportunities which benefit the 
local communities. It has been estimated by Electronics Takeback Coalition (2014 as cited by 
Kumar et al., 2017) that for every 10,000 ton of materials reused in computers, 296 more jobs are 
created.
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Chapter 2 : Literature review 
2.1. Global guidelines  
Globally, most developed countries have regulations, programs or directives that administer the 
handling and proper safe disposal of e-waste. Below is a review of the leading programs. 
2.1.1.  Extended producer responsibility (EPR)  
The concept of Extended Producer Responsibility (EPR) is widespread in dealing with e-waste; 
it is based on the “Polluter Pays Principle” (PPP) which puts the responsibility of handling any 
environmental damage and repairing it on the party that produced it and turn it away from the 
municipality. The concept has resulted in producing companies resorting to innovative solutions 
to reduce their products’ environmental footprint and make its EOL handling easier and less 
costly (Nnorom & Osibanjo, 2008; Sina Hbous, 2017). EPR aims to achieve a number of goals 
that target a shift from the end of pipe treatment. The goals, as listed by Nnorom & Osibanjo 
(2008, p. 845), are prevention and reduction of waste, the reuse of products, increasing the 
utilization of recycled materials in production which would lead to reduced consumption of the 
earth’s natural resources, including the environmental costs into product prices, and finally the 
consideration of energy recovery in case of incineration. The goals of EPR would be achieved 
through a combination of policy instruments ranging from administrative ones, such as emission 
limits and take-back of discarded products, to economic ones, such as applying subsidies and 
taxes on material use, passing through informative instruments, such as environmental labeling 
and reports (Langrova, 2002 & Van Rossem et al. as cited by Nnorom & Osibanjo, 2008). 
For an EPR program to be effective, Fishbein (2002, Chapter 4) defines it to have to achieve the 
following: 
“ 
1. Focus specifically on the waste generated by end-of-life products.  
2. Clearly define what financial responsibility producers have for the collection, transport, 
and recycling of their products at end of life.  
3. Set meaningful targets for collection and recycling.  
4. Differentiate recycling from technologies such as waste-to-energy conversion, in which 
materials are burned to recover energy.  
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5. Include reporting requirements and enforcement mechanisms.  
6. Provide producers with incentives to design for reuse/recycling.  
7. Provide consumers with incentives to return their used products. “ 
EPR can take various forms; they can be voluntary initiated by the producer and are usually free 
of cost to the end user; however, for some parts of the world such as in many EU countries, EPR 
is mandatory and is regulated and enforced by governments. In many cases, EPR programs are 
collectively implemented by companies to share the burden of collection and handling, yet many 
companies prefer individual EPR programs especially when they are coupled with economic 
incentives or design modifications (Atasu & Subramanian, 2012; Fishbein, 2002; Nnorom & 
Osibanjo, 2008).  
EPR is implemented in South Korea, Taiwan, Japan, and Europe. The system differs from one 
country to the other, where some countries require the producer to bear the full cost of collection 
and treatment while others share the responsibility between the producer and the end consumer. 
Moreover, disposal fees collection schemes have multiple forms. In some countries, the fee is 
covered in the product price such as in the EU; while other countries require the payment of the 
fee at disposal such as in Japan (Kahhat et al., 2008). In India, producers are not allowed to 
import any EEE without having an EPR authorization, in addition, the Indian E-waste Rules 
cover orphaned equipment whose producers are no longer in operation (Central Pollution Control 
Board, 2016a).  
2.1.2. European Union regulations and directives on e-waste 
The European Union has established a number of directives and regulations that aim to tackle the 
problem of increasing e-waste within its member states; these are the WEEE, RoHS and 
Batteries directives as well as the REACH regulations. Directives are guiding frameworks for the 
national legislation of an individual member state of the EU; they set the goals and requirements 
needed while leaving it for the member state to decide on the methods of implementation and 
realization of these goals and requirements. On the other hand, regulations are more like 
obligatory legislative laws that apply to all member states and overrides any conflict with 
existing national laws. These frameworks and regulations comply with the 4Rs hierarchy 
principles; Reduce waste at source, Reuse waste, Recycle and Recover (Stewart, 2012). These 
directives aim to “preserve, protect and improve the quality of the environment, protect human 
  
 
12 
health and utilize natural resources prudently and rationally” (European Comission- WEEE 
Directive, 2003 as cited by Kahhat et al., 2008, p. 957). A thorough look through the different 
directives and regulations set in the EU shows a common approach to set minimum collection 
rates for the wastes generated. This requires stark reporting and monitoring methods and high 
levels of law enforcement.  
2.1.2.1. Waste from Electrical and Electronic Equipment (WEEE) Directive 
The European Union Waste from Electrical and Electronic Equipment (WEEE) directive was 
established as a part of an ambitious plan to prevent e-waste and encourage the reuse, recycling 
and recovery of e-waste to decrease the landfill disposal and avoid environmental hazards 
associated with it. The directive covers 10 categories of EEE waste and requires that the 
producer whether a seller, reseller, manufacturer, importer or exporter set a financing plan for the 
management of the produced waste commodities such that the end user is not charged a disposal 
fee at the product EOL; the categories, as listed by (Stewart, 2012, p. 27), are:  
“1. Large household appliances 
2. Small household appliances  
3. IT and telecommunications equipment  
4. Consumer equipment 
5. Lighting equipment 
6. Electrical and electronic tools 
7. Toys, leisure and sports equipment 
8. Medical devices 
9. Monitoring and control instruments 
10. Automatic dispensers” 
The directive also sets collection targets and mandates that member states should carry out 
vigorous inspection and reporting with regard to collection and treatment facilities to ensure a 
minimum standard for the safety and treatment process.  
To ensure proper treatment of the WEEE, the directive requires producers to identify the 
hazardous materials included in their products to treatment facilities and that the producer is 
easily identified. Such identification makes the treatment process more environmental and 
guarantees the safeguarding of the health of the workers. The directive also calls for the proper 
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management of the materials included in the waste and its treatment as raw materials which 
preserves resources. It is important to mention that the directive has also expanded its scope to 
include solar photovoltaics; however, batteries are handled by a separate directive known as the  
Batteries Directive (Directive 2012/19/EU on waste electrical and electronic equipment (WEEE), 
2012; Stewart, 2012). 
2.1.2.2. Restriction of Hazardous Substances (RoHS) Directive 
The Restriction of Hazardous Substances directive is sister legislation to the WEEE. The 
directive aims to secure safe and proper management and disposal of WEEE (Stewart, 2012). 
The difference in scopes of both the RoHS and the WEEE directive lies mainly in the EEE 
definition of each directive. The RoHS covers EEE that uses electricity or electromagnetic fields 
for any function, on the other hand, EEE that use electricity or electromagnetic fields to deliver 
its ‘primary’ function are covered under the WEEE directive (COM/2017/0171, 2017). 
The directive prohibits the use of some metals and other hazardous organic substances such as 
mercury, lead, cadmium, and polybrominated biphenyls. However, certain chemicals are allowed 
under specific circumstances or with very limited or low concentrations. These exceptions are 
usually granted where the material cannot be substituted with a less hazardous material. The 
directive puts an obligation on manufacturers, importers, and distributors that their products 
comply with the directive requirements and provide the required documentation to the authorities 
whenever requested. In addition, a manufacturer, importer or distributor is required to take 
immediate action once a non-compliance is diagnosed. Although solar PVs contain many of the 
restricted metals by the RoHS, both the initial draft in 2002 and the recast in 2011 exempt solar 
PVs used in power generation for commercial, industrial or public purposes (Directive 
2011/65/EU of the European Parliament and of the Council of 8 June 2011 on the restriction of 
the use of certain hazardous substances in electrical and electronic equipment text with EEA 
relevance, 2011). As of 2012, both, the WEEE directive and the RoHS directive, had low 
implementation rates because interpretations of their articles were left to be determined by 
member states (Stewart, 2012).  
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2.1.2.3. Registration, Evaluation, Authorization, and Restriction of Chemicals 
regulations (REACH)  
The Registration, Evaluation, Authorization and Restriction of Chemicals (REACH) is an EU 
regulation that was issued in 2006 with protection of the human health and the environment all 
the while encouraging innovation and competitiveness within the EU chemical industry being its 
primary goal (Regulation (EC) No 1907/2006 of the European Parliament and of the Council, 
2006). Although the REACH regulation does not cover waste materials, it covers many of the 
EEE products since they contain a wide range of chemicals. The Registration part of the 
regulation requires that any chemical produced or imported to the EU in quantities larger than 1 
ton to be registered at the European Chemical Agency (ECHA), the agency managing the 
REACH regulation across the EU. The registration process ensures the proper handling and 
management of chemical substances especially those that pose a threat to human health or the 
environment. This is usually done through safety data sheets that are associated with the 
substance and passed downstream from the manufacturer or importer to the distributor or end-
user. The Evaluation, Authorization and Restriction processes together make sure that no 
harmful substance is allowed on the market and restrict the use of toxic and hazardous 
substances except under strict regulations set by the ECHA agency. The agency may request as 
part of the evaluation process further investigation into the substance to verify and avoid any 
harms or risks (Regulation (EC) No 1907/2006 of the European Parliament and of the Council, 
2006; Stewart, 2012).  
2.1.2.4. Batteries Directive 
Similar to other EU directives concerned with e-waste management, the Batteries Directive, 
adopted in 2006 and amended in 2013, is meant to standardize the end-of-life management of 
batteries and accumulators across the EU states in order to mitigate the impact of batteries and 
accumulators on the environment. The directive puts a ban on batteries and accumulators 
containing mercury or cadmium unless no alternative is found. To ensure effective collection, it 
is required that distributors takeback waste batteries at no charge and that convenient collection 
points are established; this enables the fulfilling of the minimum collection rates set by the 
directive. Energy recovery or disposal in landfills are kept as a final resort for member states 
after treatment has taken place or when no available technology is available for recycling and 
treatment. A strength of the directive is spreading awareness and knowledge among consumers; 
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this can be achieved through the clear visible labeling of batteries and accumulators with the 
symbols set by the directive (Directive 2006/66/EC of the European parliament and of the 
council of 6 September 2006 on batteries and accumulators and waste batteries and accumulators 
and repealing Directive 91/157/EEC, 2013).  
2.1.3. Rechargeable Battery Recycling Corp. (RBRC)  
The RBRC is an organization that provides public services in the field of rechargeable battery 
recycling. The corporation administers a nonprofit program, which is the first and sole program 
of its type in North America, called Call2Recycle. The program is fee-based and collects both 
consumer batteries and cellphones. The program manages the collection, treatment, safe disposal 
and reporting which helps manufacturers fulfill their recycling duties entailed by the country and 
local regulations. It is important to mention that the Call2Recycle program is tailored as per each 
state or province law to ensure complete fulfillment of recycling responsibilities (Call2Recycle, 
n.d.). In 2017, the program had around 30,000 collection sites across the US and Canada; this 
covered around 100 different battery brands and 32 producers participating in the program 
approved by the Vermont state Stewardship plan, the first recycling program of its type in the 
USA(Call2Recycle Inc., 2017). One weakness of the program is that it is mainly catered for the 
EOL management of rechargeable batteries and not only selected collection sites do accept 
single-use batteries.  
2.1.4. Solving the E-waste Problem (StEP) initiative 
Solving the E-waste Problem (StEP) initiative is an organization that addresses goals of 
sustainability regarding the responsible consumption and production. The initiative works on 
developing solutions to the e-waste generated from increasing electronics penetration into all 
aspects of life. These solutions are scientific-based and follow a life cycle approach (“StEP 
Initiative,” n.d.). The organization has a series of publications targeting the proper management 
of e-waste and requirements necessary for the development of standards and guidelines targeting 
the issue. The initiative’s publications would be of extensive use during the developing process 
of a possible framework for EOL management of e-waste in Egypt.  
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2.1.5. Basel Convention- The Partnership for Action on Computing Equipment (PACE)  
The Basel Convention is an international agreement that regulates and controls the movement of 
hazardous wastes across the borders of countries. This requires that exporting countries ensure 
the proper handling of hazardous wastes in the receiving countries and it has been in effect since 
1992 (Widmer et al., 2005). The convention also tackles the generation side of hazardous wastes 
with an ambitious aim to prevent it or at least minimize it. The Partnership for Action on 
Computing Equipment (PACE), started in 2008 and launched by the Basel Convention, 
established a partnership among stakeholders involved in e-waste. The partnership includes, but 
is not limited to, environmental groups, recyclers, producers, governments and academia, and it 
aims to address the sound repair, refurbishment and recovery of materials in an environmental 
manner (Partnership for Action on Computing Equipment, 2015). Clearly defining e-waste and 
establishing a basic legal framework to guide the signing parties of the agreement are among the 
major outcomes of the PACE. The PACE even had the ambitious goal of regulating and 
standardizing of e-waste handling by the informal sector to ensure environmental compliance. 
However, upon the close examination of the annexes of the Basel Convention (United Nations 
Environment Program, 2014), manipulation of the regulation is possible. This is because waste 
from electrical and electronic equipment is defined as hazardous under Annex VIII while there is 
a possibility of deeming it as non-waste under Annex IX opening the way for loopholes. 
2.1.6. South-east Asian countries 
For countries to be able to deal with the e-waste handling problem, an e-waste inventory is 
needed. This helps the regulators estimate the size of the problem and how to assess it 
effectively. Pariatamby and Victor (2013) examined the regulations and e-waste management 
status in Asian countries. For most Asian countries including those with a similar context as 
Egypt such as India, Vietnam, Bangladesh, and China it can be found that even if the country 
lacks dedicated regulations for e-waste management, they take the first step in addressing the 
problem by preparing a sound e-waste inventory and waste flow system. There has also been a 
common trend of countries involving the informal sector into their e-waste management 
regulations which help to make the regulations more sustainable. The study highlights the 
significant actions taken by Asian governments, of which the procedures taken by China, India, 
and Malaysia are summarized below:   
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In China, the government realized the problem of e-waste handling with around 98% of it being 
handled by the informal sector. Therefore, they prohibited the importation of e-waste and drafted 
regulations for the proper management and mitigation of the pollution caused by e-waste. In 
addition, the government requires a license by e-waste handlers in order to eliminate the informal 
sector.       
In India, an EPR program has been put into effect which clarifies the roles and responsibilities of 
producers, collectors, and handlers and who provides the financing for the sound management of 
e-waste. The EPR program is the core of the e-waste management process in India, where all 
producers of EEE are responsible for the collection and delivery of EOL electronics to 
dismantlers and treatment facilities (Central Pollution Control Board, 2016b). The EPR 
guidelines require producers to fund the management process and explicitly specify the takeback 
plan for their products with estimates of the generated wastes. The developed guidelines indicate 
the permitted roles for each stakeholder in the handling chain and put a minimum requirement 
for each phase. It also takes into consideration the health and safety of workers as well as the 
environmental aspect of processes at each phase. 
In Malaysia, the government has put into effect a guideline to help stakeholders identify e-waste 
and the ones which contain hazardous materials. This was an initial step until the preparation of 
e-waste management regulation that would mandate the minimization of hazardous components 
in the production of electronics as well as put into effect an EPR program to ensure a safe 
handling and disposal process. 
Among the lessons learned from the experience of Asian countries in e-waste management was 
that regulating the informal sector is not effective if implemented through imposing fines. Since 
the most impoverished communities are the ones involved, and hefty fines are not applicable, 
and thus the study suggested intricately examining the different processing and management 
practices followed by the informal sector and to leave the harmless ones while addressing the 
those of environmental and health hazards (Pariatamby & Victor, 2013). The study also 
recommends the formalization of the informal sector through registration without imposing any 
regulations at the initial level. This approach helps build trust between the informal sector and 
the government and facilitates the penetration of a nation-wide formalization and regulatory 
scheme. 
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2.1.7. Ghana  
The technical guidelines for environmentally sound management of e-waste in Ghana 
(Environmental Protection Agency, 2018) is an excellent example for a recently developed 
guideline that addresses all potential hazards resulting from the unsound management of e-waste. 
Key highlights from the document are: 
- Clearly defines the roles of each stakeholder in the management chain and the 
interrelations amongst them to avoid any possible breaches of the guidelines due to 
ambiguity 
- Takes into consideration the health and environmental aspects to ensure the safety of 
collectors, handlers and the surrounding environment  
- Requires the record keeping of all e-waste volumes handled at the different stages of the 
management process and their clear labeling to ensure proper handling further on.  
- The guidelines prioritize the re-use of generated e-waste and prohibit any practices during 
the various management stages which would affect the products re-usability such as 
damaging storage or destructive dismantling. 
- The guidelines require the registration and tracking of all recovered materials from the 
treatment of e-waste. 
- The handling of the different materials included in discarded products is specified in the 
guidelines to carefully separate the components and store them as different streams to 
facilitate their further treatment. 
- Photovoltaic panels are included in the guidelines under the category of large equipment 
2.1.8. Uganda 
In Uganda, the government recently issued its guidelines for e-waste management in 2016.  A 
thorough examination of the published guidelines (Government of Uganda, 2016) reveals the 
following important points: 
- Producers required to have an EPR program 
- In case of importation of electronics, the importer has to specify the expected lifespan 
remaining for the used electronics. The importer also has to ensure that the products are 
delivered to their targeted users. 
  
 
19 
- The system develops an incentive system for the different stakeholders using what is 
known as “Green Star Status ranking”. This ranking is based on the recordkeeping of 
wastes, labeling of e-waste, usage of recycled materials and the storage of e-waste in a 
manner that allows their recycling. The guidelines also require e-waste treatment 
facilities to perform reusability tests on e-waste. 
- Collection fees are to be specified based on experts’ estimations, and consumers are 
exempted in case of replacing their old products. This cost is required to be included in 
the product purchase price 
- Producers are required to provide full information on the sound dismantling of their 
products and to identify the exact location of hazardous materials in their products 
- Clear labeling is required to identify the product components easily 
- Regarding the informal sector, a license is only required in order to be able to collect e-
waste from multiple sources. They are also required to ensure the safe transportation of 
the collected waste 
2.1.9. Rwanda 
The Rwandan government highly depends on ICT to transform the country into a middle-income 
country and an information society where anything can be done online, such as the educational 
sector, the government, and commerce. This entails the heavy usage of EEE and results in the 
generation of vast amounts of WEEE. The Rwandan government acknowledged this problem, 
and as part of its green growth and sustainability strategy, they developed an e-waste 
management policy that is updated regularly to stay updated and inclusive of any newly arising 
matters (National E-Waste Management Policy for Rwanda, 2016). A strength point of the 
policy is that it precisely and with enough details defines the e-waste categories which the policy 
covers. Prior to the policy formulation, e-waste was mixed with the municipal solid waste and 
handled by the municipality while the citizens would finance the collection and disposal. This 
was changed in the new policy where the private sector was given the responsibility of 
establishing collection points, handling the transportation and treatment as well as the 
establishment of recycling facilities. They were also required to finance the entire e-waste 
management chain. Another point of strength of the policy is its suggestion to include the e-
waste management skills into vocational schools to help raise awareness of the subject and 
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graduate skilled labor that can work in the field. This also increases the lifespan of products 
through the introduction of refurbishment centers. 
2.2. E-waste management technologies and practices 
This section focuses on the technologies and practices which treat, refine or improve the 
materials extracted from the WEEE in an attempt to prepare them for reuse or recycling thus 
accentuating the Cradle to Cradle approach and conforming with the objective of encouraging 
reuse and recycling of materials which goes hand in hand with the principals of sustainability.  
E-waste consists of various electrical components made from a variety of materials that are all 
mixed together. Materials comprising E-waste include metals, non-metals, ceramics, and even 
some organic materials. Metals can be classified into ferrous and non-ferrous metals. Ferrous 
metals are mainly Iron, Nickle, Copper, and Steel while non-ferrous are further classified into 
hazardous, precious and rare earth metals. Examples of hazardous metals found in e-waste are 
heavy metals such as chromium, mercury, cadmium, zinc, and lead. Precious metals examples 
are mainly gold, silver, platinum, and palladium, and rare earth metals found in e-waste are 
mainly tallium, gallium, and tellurium. This classification is important when considering the 
physical and mechanical properties of the materials which can be exploited to achieve easy and 
high-quality material extraction and treatment from e-waste.  
Typically, the process of electronic waste recycling includes the disassembly of the e-waste into 
respective components. Then some of these components are reused such as the Integrated 
Circuits (IC). Others are further processed through size reduction and material extraction such as 
in the case of Printed Circuit Boards which contain a multitude of metals and other organic 
materials (Schlesinger, King, Sole, & Davenport, 2011); the standard practice for the managing 
of each component from the e-waste stream was illustrated by Cui & Roven (2011) as shown in 
Figure 2-1. Although most of the processes practiced aim to reuse and recover the materials, the 
way plastics are treated as an unusable resource and is destructed does not fulfill the Cradle to 
Cradle approach and reflects a loss of materials that could otherwise be utilized. 
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Figure 2-1: Typical recycling process of e-waste (Reprinted from Cui & Roven, 2011 with permission) 
2.2.1. Separation and segregation 
The first process in the handling of WEEE is the separation of the materials. Separation is done 
in a multitude of levels. The first level of separation of WEEE products is Physical Level. This 
level classifies waste according to type and size. This process is important for further 
classification since the product type and size determine the required machinery and labor skills 
further needed to safely and properly handle the e-waste products. Type and size classification 
also result in waste categories of similar material content and handling methods. This level can 
be carried out manually since it requires minimal or no skills and depends mainly on the visual 
identification of products. 
In some cases, the use of aiding machinery might be necessary to handle large e-waste products 
which would not be easily moved otherwise. There are semi and fully automated alternatives this 
step, but considering the high cost of these systems and the low labor cost in Egypt and other 
developing countries, manual sorting is preferable. Especially that this would create job 
opportunities. It would be relevant to note that this level can also be done during the collection 
phase of the WEEE products and before their transportation to the handling and treatment 
facility. An excellent way to do that would be through collection bins which have various 
opening sizes corresponding to the targeted size classification. The second separation level is the 
Components Level. During this level, the size-classified WEEE products are disassembled or 
dismantled to extract the different components enclosed within each device for further 
processing. This level can include categories such as Printed Circuit Boards (PCBs), hard drives, 
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casing or shells, displays and batteries. Further sublevel classification can be carried out if 
needed in order to achieve more refined waste components based on their constituting materials 
or design technologies ready to be processed and treated. 
Technologies used for the Component Level classification are also manual or semi-automatic. 
Components and parts are bonded together using temporary fastenings such as screwing, 
inserting or wrapping, or semi-permanent fastenings such as rivets. These types of connections 
are easily detached mechanically allowing for easy recovery of components. A more complex 
locking method is welding, soldering or coating. For these methods, mechanical liberation 
processes can be used as well as thermal or chemical processes which can be time-consuming or 
produce hazardous wastes. One way of achieving that is the usage of solder baths and liquids to 
heat the soldering to a temperature range of 215 to 230 °C releasing the electronic parts 
assembled. The process can be combined with mechanical vibration.  For components and 
materials bonded together by alloying or filling, it is impossible to retrieve these materials with 
mechanical processes, and complex treatment is required (Zhang and Forssberg, 1997; Duan et 
al., 2011 as cited by Kaya, 2016). In the case of semi-automatic systems, image processing is 
used to identify the reusable parts and toxicants, and with the aid of hot air heaters and vacuum 
grippers components are removed (Kopacek, 2005; Duan et al., 2011; Kopacek and Kopacek, 
2015 as cited by Kaya, 2016). There are two approaches which could be used in the disassembly 
process; first, there is the selective disassembly which targets specific components and removes 
each component individually. Alternatively, there is the simultaneous disassembly which 
removes all components at once. In the case of PCBs, after heating the solder in tin furnaces or 
infrared heaters the entire board is wiped out; however, regardless of the high efficiency of this 
approach, components can be damaged during the process as well as the need to further sort the 
removed components in an additional sorting phase (Kaya, 2016). 
2.2.2. Size reduction 
This phase is essential to ease the handling and treatment of the recovered products by exposing 
and liberating the precious metals. Size reduction can be achieved by crushing or grinding, 
shredding or pulverizing. The phase is also used for the liberation of most components of the 
WEEE (Yoo et al., 2009 as cited by Işıldar, Rene, Van Hullebusch, & Lens, 2018). The 
mechanical properties of components can be utilized for further sorting after size reduction; 
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Kaya (2016) reports the use of air classification to separate shredded copper from the insulating 
plastic coating in the case of wires with an efficiency reaching 99%. Swing hammers are widely 
used in e-waste management in the industrial scale since they can achieve the required particle 
sizes needed for liberation and further extraction of material concentrations (Kaya, 2016; Silvas 
et al., 2015). Concentrate collection can be done through froth flotation, gravity separation, Eddy 
current, density or magnetic and electrostatic methods. It is recommended by studies as a more 
realistic target to pursue bulk collection of concentrates of metals instead of constituent elements 
collection (Ogunniyi et al., 2009 as cited by Kaya, 2016). To ensure environmental and safety 
compliance, size reduction processes require the use of dust removal equipment. A three-stage 
dust removal equipment is required in the case of dry crushing and pulverizing of PCBs 
(Abdelbasir, El-Sheltawy, & Abdo, 2018; Kaya, 2016).  
2.2.3. Upgrading  
Upgrading processes aim at refining and improving the quality of the separated materials. 
Depending on the targeted quality and materials the upgrading processes are chosen. The 
processes sequence usually starts with physical and mechanical separation techniques such as 
gravity, magnetic, air or electrostatic separation and then for further refinement metallurgical 
processes are applied. A common problem associated with the physical separation processes is 
the generation of dust and metal loss. For a small scale recycling plant that handles PCBs, typical 
process flow would be dismantling, crushing, grinding, air separation, magnetic separation and 
dust collector (Kaya, 2016). Abdelbasir et al. (2018) highlighted a process sequence for waste 
PCB processing which has 99% separation efficiency of metals and nonmetals powders; the 
sequence starts with dry crushing then pulverization and finally high voltage electrostatic 
separation. Below is a short review of the different upgrading techniques used in e-waste 
recycling. The techniques mostly focus on the metal extraction since that comprises the highest 
economic value; in addition, the separation of metals results subsequently in the recovery of 
nonmetals and semiconductors. Moreover, the mentioned techniques are either already 
industrialized or can be industrialized. Thus processes which were reported to be effective and 
environmentally friendly but are still being developed and tested in pilot or bench scale studies 
were dropped from this review.  
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A) Pretreatment techniques: 
2.2.3.1. Froth flotation  
A conventional technique used in mining industries that has found its way into the e-waste 
management cycle. Froth flotation is a separation technique which utilizes a physical property of 
materials known as hydrophobicity; where material particles repel or adhere to water particles. 
Unlike what the name implies, the process does not solely depend on density flotation as in the 
case of gravity separation. Adversely, the separation takes place through the creation of a froth, 
using an agitator, that floats on the surface of the liquid carrying the hydrophobic material with 
it; the froth is then collected leaving the hydrophilic material behind similar to the illustration 
shown in Figure 2-2; sometimes wetting agents are used in the case of two or more materials 
being hydrophobic (Crawford & Quinn, 2017).  The pH value of the collector agent affects the 
formation of the froth as at specific critical pH values some minerals fail to float which can be 
taken advantage of to selectively separate minerals (Rao, 2006b). In e-waste treatment, froth 
flotation technique is used to retrieve nonferrous metals, mainly copper, with efficiency reaching 
85% (Kaya, 2016). The process is also applied for nonmetals retrieval mainly polymers due to its 
ability to separate similarly buoyant materials (Crawford & Quinn, 2017).  
One drawback for the froth flotation is the usage of the collector or wetting agent chemicals such 
as Cyanide, potassium amyl xanthate or sodium isopropyl xanthate; these chemicals are usually 
hazardous are have a poisonous effect on the health of living organisms as well as the 
environment (Haldar, 2013).  
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Figure 2-2: Froth flotation process illustration (Reprinted from Crawford & Quinn, 2017 with permission) 
2.2.3.2. Gravity separation 
Gravity separation is a physical separation process which depends on the physical properties of 
particles to separate them using motion. The process can be carried out in dry or wet conditions; 
meaning that the medium used for separation can be air, water or in some cases organic fluids 
such as Tetrabromoethane (Kaya, 2016). The processes are profoundly affected by the particle 
sizes which directly influences the quality of the separated particles. Gravity separation using air 
or water flow tables is typical in the recycling and extraction of materials found in e-waste. One 
problem with the water flow tables is the vast amounts of wastewater produced requiring proper 
handling (L. Zhang & Xu, 2016). In addition to flow tables, air classifiers are commonly used in 
the mining industry and have found their way to e-waste material extraction. They are also based 
on the principle of aerodynamics of particles of different sizes and their movement in air with 
regard to the combination of forces exerted on them, centrifugal, gravity, drag or flow, as shown 
in Figure 2-3 illustrating the paths of particles based on their size in the different gravity air 
classifiers used in the industry (Shapiro & Galperin, 2005). It is important to note that the air 
classifiers mentioned in Figure 2-3 depend on gravity for air separation; however, there are other 
types which each has its favorable conditions and particle parameters to achieve high-grade 
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classification. Studies have found that the separation of metallic from nonmetallic particles found 
in PCB grinds improved by increasing the particle size (Yoo et al., 2009 as cited by Işıldar et al., 
2018).  
 
 
Figure 2-3: Gravity air classifiers and applied forces on particles (Reprinted from Shapiro & Galperin, 2005 with permission) 
2.2.3.3. Magnetic separation 
Similar to gravity separation, magnetic separation uses the physical properties of materials to 
separate them. The product from a magnetic separation process is a stream of ferrous metals 
mainly iron and nickel and another of nonferrous metals mainly consisting of copper mixed with 
nonmetals impurities such as glass and plastics. Several studies (Işıldar et al., 2018; Veit et al., 
2005 as cited by Kaya, 2016) reported agglomeration of particles as a downside of the magnetic 
separation process as it affects the purity of ferrous extractable due to the attachment of 
nonferrous elements to them. They also reported that the high selectivity of the magnetic 
separation to metals and its inability to separate them from their respective alloys as a drawback 
to the method, yet when combined with other physical separation methods the drawbacks are 
mitigated (Abdelbasir et al., 2018). A two-stage separation of a low magnetic field followed by a 
high magnetic field was tested by Yoo et al. (2009 as cited by Kaya, 2016) and achieved a 92% 
copper and 83% nickel and iron at the first stage.    
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2.2.3.4. Electrostatic separation 
The behavior of materials, when charged, differs based on their electrical conductivity. This 
characteristic is utilized to selectively separate mixtures of materials including nonferrous 
mixtures that cannot be separated by magnetic separation. The process can be carried out using 
corona electrode technique, triboelectric technique or eddy currents. These methods aim at 
charging or polarizing the particles of a material based on its electrical conductivity and thus 
enabling their selective sorting (Hou, Wu, Qin, & Xu, 2010). In the corona technique, there is 
usually a grounded drum or roll and active electrodes one of which is the corona electrode, and 
an electric field is created between these electrodes (Işıldar et al., 2018; Xue, Yan, Li, & Xu, 
2012). This is illustrated in Figure 2-4, which shows the concept of the corona electrostatic 
separation technique. The mixture is fed to the grounded roll where it is subjected to the corona 
field and the electrostatic electrode. Nonconductors are affected by the corona field and stick to 
the roll until they hit the separating brush to fall in the nonmetal separation container while 
conductors are charged by induction and repel from the roll to fall into the metal separation 
container (Xue, Li, & Xu, 2013). The efficiency of the separation can be increased by increasing 
the corona electrode angle. This technique is the most environmentally friendly since under the 
right conditions no waste is produced, and it is useful in producing metal and non-metal streams 
with high purity (Kaya, 2016).  
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Figure 2-4: Corona electrostatic separation conceptual illustration (Reprinted from Xue et al., 2013 with permission) 
Eddy current separation utilizes the moving force that is exerted on a conducting particle when 
found in an alternating magnetic field to separate different material particles. This electrostatic 
separation method is used to recover Aluminum, copper and inorganic materials (Kaya, 2016). 
The force exerted on the nonferrous particles due to the induced eddy current which results in 
their motion plays a significant role in the efficiency of eddy current separators (Işıldar et al., 
2018). The use of eddy current separators after the application of magnetic separators is a 
common practice in e-waste raw material recovery in developed countries (Abdelbasir et al., 
2018). 
The triboelectric effect is the charging of particles as a result of them coming into contacting 
with other materials; in simpler words, this is the same phenomena that results in the electric 
charging of hair after combing or balloons after rubbing to clothes. Triboelectric separation 
technique is used when the materials are of similar conductivities (Kaya, 2016).  
Overgrinding of materials which result in nonconductive powder is a common factor which 
negatively affects the efficiency of electrostatic separation drastically; Thus, requiring screening 
and a cyclone separation phase beforehand (Hou et al., 2010). In recent research conducted by 
Mezenin (2017) regarding the efficiency of electrostatic separation methods, it was found that in 
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the case of triboelectric separation a two-step separation is to be carried out starting by the 
separation of conductors and then the separation of non-conductors and semiconductors. 
Adversely, in the case of corona separation non-conductors are to be separated in the first step 
followed by separation of conductors and semiconductors. It was also found that for corona 
separation, high voltage level gives better separation results in the case of mixtures of conductors 
and nonconductors as well as semiconductors and nonconductors in addition to the high 
dependency of semiconductors separation efficiency on the high voltage and roll speed (Xue et 
al., 2012). Generally, electrostatic separation is advantageous for being environmentally friendly, 
simple and having low energy demand except at high voltage and drum speed levels (Abdelbasir 
et al., 2018). Table 2-1 summarizes the pretreatment techniques mentioned earlier and highlights 
the advantages and disadvantages of each process while also mentioning the optimum practicing 
settings reported in recent research. 
Table 2-1: Summary of pretreatment techniques used in e-waste 
Process  Optimized practice description Advantages  Disadvantages 
Froth 
Flotation 
The creation of froth separates 
hydrophobic from hydrophilic 
particles (Crawford & Quinn, 
2017) 
Separates non-metals 
and nonferrous metals 
with efficiency 85% 
(Kaya, 2016) 
 
Uses wetting chemicals that 
are hazardous to the 
environment  and poisonous  
to living organisms (Haldar, 
2013) 
 
Gravity 
separation 
Large size PCB grind particles are 
separated into nonmetals and 
metals with high efficiency (Işıldar 
et al., 2018). 
Can be done using 
different medium 
including air which 
limits its environmental 
impact.   
Water flow tables produces 
vast amounts of wastewater 
requiring proper handling 
(L. Zhang & Xu, 2016) 
Magnetic 
separation 
A two-stage magnetic field process 
separates ferrous and nonferrous 
metals starting with low magnetic 
field followed by high magnetic 
field (Kaya, 2016) 
Achieves 92% 
separation of copper 
and 83% of nickel and 
iron 
Agglomeration of particles 
affects the purity of ferrous 
extraction in addition to the 
inability to separate metals 
from their alloys (Işıldar et 
al., 2018; Kaya, 2016) 
Electrostatic 
separation 
In triboelectric separation, two-step 
separation starting by separation of 
conductors then the separation of 
nonconductors and semi-
conductors 
In corona separation, at high 
voltage and roll speed 
nonconductors are separated 
followed by conductors and semi-
conductors 
(Mezenin, 2017; Xue et al., 2012) 
 
Environmentally 
friendly with nearly no 
waste generation and 
generally requires low 
energy  (Abdelbasir et 
al., 2018; Kaya, 2016)  
 
Becomes energy intensive 
at high voltage and high 
rolling speed (Abdelbasir et 
al., 2018) 
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B) Metallurgical and metal extraction techniques: 
2.2.3.5. Hydrometallurgical 
Although the purpose of pretreatment is material liberation, pretreatment techniques share a 
common problem regarding the loss of metals due to insufficient liberation; losses ranging 
between 10-35% and thus requiring metallurgical processes such as hydrometallurgy or 
pyrometallurgy to recover the losses and purify the extracted streams (Birloaga, De Michelis, 
Ferella, Buzatu, & Vegliò, 2013).  
Hydrometallurgy is based on the process of the chemical treatment using acids or caustic leaches 
of mineral mixtures in order to extract the metal concentrates and remove impurities (Cui & 
Roven, 2011). Hydrometallurgy is preferred over pyrometallurgy given its controllability and 
particularity which allows the achieving of the desired results; however, similarly to other 
chemical processes, it is time-consuming and complicated. Most hydrometallurgical processes 
practiced in e-waste recover mainly copper in addition to other metals which can be recovered 
such as nickel, gold, and iron (Abdelbasir et al., 2018). 
In electronic scrap, one standard method of hydrometallurgy, which is preferred by small scrap 
processors, is the cyanidation process; this process dissolves the precious metals in cyanide then 
zinc metal is added to the liquid mixture to precipitate the metals in what is known as 
cementation (Rao, 2006a). During the hydrometallurgical process, the chemicals used are 
consumed due to the formation of metal compounds from ion combination. However, the 
recovery of the chemicals for their reuse in the hydrometallurgical process is possible helping to 
regenerate the chemicals and eliminate the waste generated from the process. For the recycling 
and reuse of the highly toxic cyanide used in gold extraction, a process known as Acidify, 
Volatize, Re-neutralize (AVR) (Rao, 2006c) and its modification Sulfidization, Acidification, 
Recycling of copper and thickening of precipitants (SART) are used; this process is 
environmentally friendly and cost effective due to the retrieval of precipitated metals. According 
to Estay (2018), SART reduces operation costs and increases the production of both gold and 
copper making it the top preferred method for treatment of gold mixed with other metals using 
cyanide as it allows the retrieval of these metals including zinc, nickel, silver, and mercury. In 
addition, the process is described, and illustrated as in Figure 2-5, by Estay (2018) to start by 
adding sulfuric acid and sodium or hydrosulfides for the Sulfidization and Acidification to a pH 
of 4-5. The results of this stage are the precipitation of metals like copper, zinc, nickel, silver, 
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and mercury with high efficiency. After the separation of the precipitants from the solution, it is 
fed into a thickener to increase metals yield, and the resulting solution is neutralized by adding 
caustic soda to increase its pH to 12 and is then filtered giving the cyanide solution. Lime is then 
added to the cyanide to neutralize the pH to 10-11, and precipitation of gypsum is achieved and 
is thickened while the remaining solution made of calcium cyanide is re-introduced as cyanide 
used in the hydrometallurgy process of metal extraction. Researchers reviewed other 
hydrometallurgical processes which are more environmentally friendly including Thiourea, 
Thiosulfate and Halide leaching, and although their extraction results were promising, high cost 
and consumption made them less lucrative for industrial applications (Işıldar et al., 2018; Y. 
Zhang, Liu, Xie, Zeng, & Li, 2012).  
 
Figure 2-5: Flow diagram for the SART process used for the recycling of cyanide (Reprinted from Estay, 2018 with permission) 
Green hydrometallurgical methods where reviewed by Abdelbasir et al. (2018); among the 
methods which exhibited an environmentally friendly manner as well as cost-effectiveness was 
the chemical de-soldering and leaching. During this process, leaching in acid is carried out which 
allows for the extraction of lead, tin and silver salts with high purity, then electrowinning or 
chemical reduction is performed to recover gold and copper. The process is advantageous for the 
elimination of grinding, cyanide usage and being implemented in near room temperature. 
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2.2.3.6. Pyrometallurgical  
Also known as smelting, pyrometallurgy is the melting of waste to retrieve the molten metals 
from the slag produced (Birloaga et al., 2013). The process is carried out at very high 
temperatures in the presence of inert gases through pyrolysis, incinerators or furnaces including 
plasma arc and blast furnaces. It is widely used in the treatment of e-waste; this is due to the fact 
that it does not require the separation and pretreatment of electronic scrap before undergoing 
pyrometallurgy (Kaya, 2016).  
The drawbacks of pyrometallurgy are its high energy demand and expensive processes. In 
addition, the process results in the production of byproducts such as slag and polluting gases 
especially if plastics and flame retardants enter the process (Abdelbasir et al., 2018). Another 
drawback for pyrometallurgy is the difficulty of selective separation and recovery of metals 
(Kaya, 2016). 
2.2.3.7. Electrochemical recovery  
This process is usually used for further refinement of the retrieved metals from the other physical 
or metallurgical processes, and it is carried out using multiple methods among which is 
electrowinning and electrorefining. Electrochemical recovery is based on the passing of an 
electrical current through an electrolyte to oxidize and reduce metals based on their chemical 
properties thus separating them into cathodes and anodes. The separation takes place through the 
deposition of the targeted metals, mainly nonferrous metals like copper and aluminum and is 
influenced by the electrolyte used. Other precious metals can be extracted from the 
electrowinning and electrorefining processes as byproducts in the form of slimes and 
precipitations and are collected and treated. For the purification process of copper, sulfuric acid 
is usually used as an electrolyte. The difference between electrorefining and electrowinning is 
that in electrorefining the metals are dissolved from an impure anode and is plated purely on a 
cathode while in electrowinning the pure metal is extracted from the leach electrolyte. Although 
electrochemical processes produce incredibly high purity metals, the process often entails 
substantial capital investment and is often associated with labor hazards due to the chemical 
vapors and the danger of short circuits. Another drawback is the need for large surface areas for 
the cathodes to overcome the loss of adherence of the metal. Finally, the process might have an 
environmental impact due to the chemicals acidic and corrosive chemicals used; thus it is 
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recommended to use Iron (III) chloride medium for the oxidation of copper to reduce the 
environmental impact due to the possibility of the regeneration of the Iron solution (Evans, 2016; 
Işıldar et al., 2018; Schlesinger et al., 2011, Chapters 14, 17). 
C) Rejects handling  
Nonmetals are the main rejects from electronic waste, especially that they constitute the 
foundation of PCBs and account for nearly 70% of the weight of e-waste generated. Due to their 
low monetary value relative to the metals extracted, nonmetals are usually disposed of either by 
landfilling or burning and incineration; however, studies tested possible alternatives to disposal. 
For instance, in the building sector, it was proven that nonmetallic fractions could be added as 
fillers to paint and cement. Moreover, its addition to concrete improved its mechanical properties 
while reducing its weight. The fact that nonmetals can be retrieved from e-waste from 
mechanical pretreatment makes it economically viable and environmentally friendly. Another 
alternative recommendation was the usage of the nonmetallic fraction for plastic molds which 
upscales it and has a more lucrative economic value than its usage as filler (Kaya, 2016). 
Research also proved the possibility of using the nonmetal fractions as fillers for polymer 
composite and resins especially that they improved the mechanical and thermal properties when 
introduced to polymers, such as polypropylene (PP) and Polyvinylchloride (PVC), or polyester 
resins (Hu et al., 2018; Zheng, Shen, Cai, Ma, & Xing, 2009). 
2.3. Current e-waste situation in Egypt 
2.3.1. Overview 
Egypt, a country of around 94 million people (CAPMAS, 2019), represents a significant market 
for consumer electronics. The market was estimated to reach 4.6 billion USD by 2013. 
Computers represented around 27% of the consumer electronics market share in 2008, while 
mobile handsets and Audio-video devices represented 63% and 10% respectively. The market 
growth rate was expected to be 13% by 2013 (Centre for Environment for the Arab Region and 
Europe, 2011). An attempt for waste characterization for the greater Cairo area, which includes 
Cairo, Giza, and Qalubia governorates, was carried out by Soliman & Boushra (2017). The 
results of the study were summarized in Table 2-2 which shows an estimate of the volume 
generated of each material from the collected e-waste and the method of managing them whether 
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through exportation as in the case of Printed Circuit Boards (PCBs) and lithium batteries or by 
local recycling as in the case of plastics, metals and glass. The table also shows that the largest 
volume generation is PCBs and Plastics respectively, which would suggest the feasibility of 
considering these two streams for recycling industries in Egypt. 
Table 2-2: Calculated material quantities generated from e-waste in the Greater Cairo Area and their management practices 
(Reprinted from Fathya Soliman & Boushra, 2017 under CC) 
 
2.3.2. Legislations  
Egypt’s current environmental law was first approved in 1994. Although the law was later 
amended, it never included a section that explicitly discusses the management of e-waste. 
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However, the law addresses the management of hazardous waste under which e-waste may be 
classified. It also prohibits the imports of hazardous waste and places restrictions on e-waste 
imports in compliance with the international conventions, such as Basel convention. However, in 
the year 2007, there was a ministerial decree that allowed the import of used computers and other 
electronics under the condition that they are no more than five years old; this resulted in imports 
of electronics that is about to reach its end of life. The environmental law establishes the 
Egyptian Environmental Affairs Agency (EEAA) as a regulatory body that sets the 
environmental action plan and supervises any violations of the environmental law including 
mismanagement of all waste types (Centre for Environment for the Arab Region and Europe, 
2011; Rochat & Grégoire, 2014).   
It is important to mention some regulatory procedures addressing the handling of hazardous 
waste to which e-waste can be linked. First, handlers are required to keep hazardous waste 
separate from all other wastes generated and collected. Second, they must keep a track record of 
the quantity and quality of the collected hazardous waste; this requires the categorization of the 
collected waste. Moreover, the storage and handling locations have to meet safety standards to 
ensure the safety of both the handlers and the public. Therefore, waste must be stored in solid 
containers made out of leak-proof materials that are nonporous. Regarding the treatment and 
utilization of hazardous waste, the law requires that organic and nonorganic substances, as well 
as ferrous and nonferrous metals, are recovered and reused or recycled. This is subject to their 
reusability and recyclability (Rochat & Grégoire, 2014). 
Sustainable Recycling Industries (SRI) recently published a report reviewing the Egyptian laws 
governing e-waste and comparing them to the European standards (Soliman & Abdelmoniem, 
2017). From the report, it can be seen that: 
1. The Egyptian law, similar to the EU regulations, requires EIA for any activity 
carried out, and the establishment is required by law to keep records of its impact 
on the environment ready at all times to avoid being shut. However, this does not 
secure enough traceability for all WEEE with volumes and quantities.  
2. The Egyptian law requires no training to workers nor separate risk assessment for 
the activities of the establishment  
3. Regarding the WEEE handling, the Egyptian law mandates the following of 
health and safety regulations for the workers as well as providing all required 
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precautions to avoid leakages or emissions. However, the law does not address 
specific cases of e-waste streams management like in the case of EU regulations. 
The Egyptian regulations also do not ensure the safety of electronic equipment 
which could have been reused. This is also apparent in laws governing the 
transportation of waste, where greater attention is given to the environmentally 
sound and health and safety than is given to the undamaging handling of 
equipment. 
2.3.3. E-waste management practices 
In their comprehensive needs assessment report about the e-waste in Egypt, Centre for 
Environment for the Arab Region and Europe (2011) reviews the nature of the Egyptian e-waste 
management process. It states that the e-waste collection system in Egypt is, mainly dominated 
by street peddlers, locally known as Robabkia, who buy old household items. In a comparison 
between the quality of e-waste retrieved by street peddlers and street scavengers, it was found 
that wastes collected by street scavengers are characterized by being mainly plastic while that 
collected by street peddlers has more equipment of a better condition (Fathya Soliman & Mounir 
Boushra, 2017). For large quantities of e-waste that are produced from large organizations, they 
are sold in formal bids held to sell them to big waste dealers. The system is mostly unregulated 
by the government. After the collection process, e-waste is sorted in formal and informal 
dumpsites. A portion of the collected e-waste, with no estimated size, is sold to formal and 
informal workshops, mainly found in densely populated areas. These shops either repair and 
resell devices or use parts of the devices as spare parts to fix other devices. It is common that 
recyclers sell independently each material acquired from the dismantling of e-waste. A common 
practice to extract metals from e-waste wires and integrated boards is open burning. As for small 
parts like keys that cannot be sold in the markets, they are disposed of in open spaces near the 
markets. The recycling of WEEE in Egypt is through the selling of collected devices and 
equipment in five main markets spread around Cairo in the poor and populated areas. These 
markets are Shoubra El-Khema, El-Warrak, El-Kollaly, El-Emam El-Shafie and El-Matareya 
(Centre for Environment for the Arab Region and Europe, 2011). There is no real recycling in 
Egypt for e-waste components except for plastic which is recycled in the collection sites mainly 
found in Manshiyat Nassir where there are recycling factories there. As for the rest of the 
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components, they are mainly collected and sold to dominating collectors in each area who then 
collect them and prepare them for exportation (Fathya Soliman & Mounir Boushra, 2017). China 
is a major importer of recovered materials from WEEE as well as certain valuable parts such as 
the PCBs and processors (Degreif, Mehlhart, & Merz, 2014). 
According to reports prepared by the Ministry of Environmental Affairs (2012), the recycling of 
WEEE in Egypt is around 1%. The unregulated management of the system results in processing 
centers facing problems of unidentified mixed materials as well as sorting problems, especially 
for batteries. The handling process is also considered to be of extreme danger, as women and 
children take part in it; smashing the old devices.  
As for the remaining fractions that are meant to be landfilled, these fractions usually contain 
hazardous material, which by law are required to be landfilled in the only hazardous waste 
dumping facility in Egypt located in Nasiriya at Alexandria governorate. The fraction of 
hazardous waste from the e-waste dumped is estimated to be 8%. However, the costs of dumping 
discourage handlers especially since there are still the transportation costs for the waste from any 
part of Egypt to the dumping facility in Alexandria. As a result, illegal dumping of hazardous 
waste in municipal dumping sites is common (Fathya Soliman & Mounir Boushra, 2017). Even 
in the case of non-hazardous fractions, they end up being openly dumped instead of safely 
landfilled. The remaining fractions are commonly Styrofoam used in the insulation of fridges, 
rusted iron parts, hard fiber boards mixed with plastics or metals, and the remains from PCBs 
after the extraction of all precious metals (Degreif et al., 2014).   
In their recent study about the informal sector which is handling e-waste in Egypt, Soliman & 
Boushra (2017) highlighted the challenges facing the informal sector. First, there is the absence 
of legislation which directly addresses e-waste. This results in the nonexistence of a specific 
entity that is in charge of e-waste handling and monitoring in Egypt as well as the absence of an 
accreditation system that would guide the proper management of e-waste by the private sector 
engaged in the process. Among the other challenges mentioned is the absence of take-back 
schemes and EPR programs which combined with the reluctance of the consumers to give away 
their used EEE at its EOL for free or at a low-price result in the aggravation of the problems 
faced by the handling sector. Finally, there are challenges related to the lack of skills and 
awareness about the threats associated with the improper handling and the inflated prices of 
machinery needed for sound management and recycling. As a result of these challenges, which 
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are mainly due to the absence of an active role from the government, the interviews done with 
the informal sector as part of the report show that there is a resistance from many in the informal 
sector against formalization. Such resistance is driven by the lack of benefits and protection 
against the threat of exposing their business to others. In addition, there is the fear of taxation in 
case of formalization. 
  
 
39 
Chapter 3 : Methodology  
3.1. Research questions 
This thesis and the literature review were informed by the research questions of whether Egypt’s 
e-waste management performance is lacking regulations and enforcement as well as whether 
Egypt tracks its e-waste or not. In addition, the research addresses the feasibility of having an e-
waste management industry in Egypt based on the generated waste volumes. The thesis is also 
driven by the question of what should be included in a comprehensive framework for E-waste 
management in Egypt in order to ensure its compliance with sustainable development and the 
inclusivity of all stakeholders involved in the e-waste management sector currently present in 
Egypt. 
3.2. Research gap  
Based on the conducted literature review which examined the existing situation in Egypt and 
how e-waste is managed locally and globally, it is clear that Egypt lacks a comprehensive 
framework for the end-of-life management of electronic equipment. The already existing 
practices are primitive and controlled by the informal sector. This leads to the overlooking of the 
social and environmental aspect of e-waste management as well as the loss of potential economic 
opportunities. It was also clear that Egypt lacks a tracking program for its e-waste generation and 
management which leads to a difficulty in the managing of e-waste in Egypt.  
3.3. Objective 
It is the aim of this thesis to assess and validate the current e-waste management system in 
Egypt. In addition, the thesis proposes a holistic guideline for sustainable e-waste management in 
Egypt which takes into consideration the three main pillars of sustainability; social, 
environmental and economic. The proposed guideline is based on the Cradle-to-Cradle approach, 
which would contribute to Egypt’s sustainable development vision through the fostering of a 
green circular economy which creates green jobs. The guideline aims to facilitate the 
formalization and upgrading of the existing sector through the establishment of a reporting and 
tracking system for e-waste. Finally, the guideline addresses the hypothesis that Egypt’s informal 
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e-waste management sector can be formalized through the proper adaptation of international 
guidelines to the Egyptian context. 
3.4. Research techniques  
This thesis was implemented based on a qualitative and a quantitative research method, where 
data was collected and analyzed with the aim to address the research questions. The study started 
by examining the current situation of e-waste in globally and in Egypt through the secondary 
sources available in the published literature. In addition, a review of the international policies, 
practices and laws in dealing with e-waste globally and in Egypt was conducted. Moreover, the 
review examined the situation in countries of similar to Egypt in order to adapt their experience 
to Egypt. Based on the findings from the literature review, in-depth interviews and a 
questionnaire were developed and conducted with stakeholders involved with the e-waste sector 
in Egypt to further assess and validate the findings through primary sources. Finally, 
experimental tests were performed to assess the possibility of closing the e-waste management 
cycle and transforming it to a Cradle-to-Cradle cycle instead of a Cradle-to-Grave cycle. The 
findings from the primary and secondary sources in addition to the results of the experimental 
tests were used to develop the intended sustainable e-waste management system in Egypt which 
is targeted to both policymakers and entrepreneurs. 
3.4.1. In-depth interviews  
3.4.1.1. Objective 
The in-depth interviews conducted as part of this study were carried out with the aim to 
understand the problems present in the e-waste sector in Egypt which discourage the 
establishment of a formalized industry and discourage the informal sector from formalizing. The 
information collected during the interviews paint a picture of the current situation of e-waste 
management in Egypt and confirm many of the research results presented in the literature review 
which help to assess any change in the status quo and the dynamics of the e-waste market 
including the stakeholders. Finally, the data gathered touch upon suggestions and 
recommendations from the interviewed stakeholders in order to make the market more lucrative 
and attractive. 
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3.4.1.2. Stakeholders analysis 
Based on the information found in the literature and using the snowballing technique during the 
interviews the stakeholders involved in e-waste management in Egypt were identified, and 
consequently, key informants were interviewed. As shown in Figure 3-1, the stakeholders can be 
divided into those who generate e-waste and others who handle and recycle the e-waste 
generated. The e-waste generators are those who impact the e-waste recycling market in Egypt, 
since they represent the supply side. Depending on the amount of e-waste generated from their 
side, a decision can be made regarding the e-waste industry in Egypt. Whether the investments 
needed in the recycling sector would be economically justifiable through economies of scale or 
would e-waste exporting according to Basel convention regulations be more favorable. The 
generation side is divided between three main players; the Public sector represented by the 
governmental institutes and organizations such the ministries, state-owned universities, and 
public schools. The second player is the private sector, and this is a key player in the market as 
the private sector generates the most e-waste such as computers and printers. Finally, there are 
the individual households, and they represent a small share of the supply side which will be 
discussed later through the questionnaire conducted. On the other side of the equation is the e-
waste recyclers and handlers who represent the demand side which, like most developing 
countries, is heavily dominated by informal waste handlers in addition to some newly born 
emerging formal businesses which are trying to build an e-waste industry in Egypt. This dynamic 
market is bound by the laws and regulations of the Arab Republic of Egypt which makes the 
policymakers and researchers in the field direct stakeholders involved in the e-waste 
management sector.  
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Figure 3-1: Stakeholders involved in the e-waste sector in Egypt and their interrelations 
3.4.1.3. Interviews structure 
The interviews were semi-structured with a list of possible topics and questions to be discussed 
based on defined objectives. The questions were divided into three sections targeting the 
different processes involved in the e-waste management catering for the various degrees of 
involvement of the stakeholders in one or more of the processes and their fields of expertise. The 
sections are Collection and transportation, Separation and pretreatment, and Treatment and 
recovery. The questions were based on the findings from the literature review about the current 
situation in Egypt which was presented in Chapter 2. 
3.4.2. Questionnaire  
3.4.2.1. Objective 
Since all stakeholders identified where involved in the interviews except for the household or 
individual electronics consumer, and in order to ensure the guidelines are comprehensive and all 
stakeholders are involved, it was indispensable to conduct a questionnaire. The primary objective 
of this questionnaire was to understand the awareness of households about the impact of the 
WEEE, how they deal with their generated e-waste and the actions they are willing to take if 
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given a chance, to tackle the e-waste problem in Egypt. The main outcome from this 
questionnaire was making an informed recommendation about the type of EPR program which 
can be introduced in Egypt. 
3.4.2.2. Design and implementation of the questionnaire  
The questionnaire was designed to be short so that the time consumed would be around five to 
seven minutes and hence encouraging people to participate. It included a total of nine questions; 
two of which measured demographics in an attempt to use them as socio-economic indicators for 
the Egyptian society, and the remaining seven questions were regarding the participants behavior 
towards their old electronic devices, awareness about the health impacts of unsafe handling of e-
waste as well as preferences towards different EPR scenarios. The questionnaire was published 
online using Google Forms on the social media platforms WhatsApp and Facebook and was 
available in English language only. This helped limit the participants to those who have 
smartphones, computers or tablets and consequently ensure that they are part of e-waste 
generation in Egypt. The fact that it was also conducted only in a written form in English gave an 
insight about the background of the participants and that they were to some extent educated 
which can be directly linked to the level of awareness. A copy of the questionnaire, as well as the 
summary of the responses, is included under Appendix B: Questionnaire.  
The sample size for the questionnaire was calculated with a margin of error of 5% and a level of 
confidence of 95% for a population size of 98 million.  It is important to hint out that the 
questionnaire is meant to give a preliminary insight into the behavior of the Egyptian 
community. However, for more accurate results which represents all different segments in the 
society, diverse data collection methods and field visits to different cities and areas around Egypt 
are needed, similar to the process taken during national consensus. Responds to the questionnaire 
were collected over the period of fourteen calendar days with participants totaling 411 which 
goes beyond the calculated sample size of 384 participants.
     
Chapter 4 : Quantitative and qualitative data assessment 
4.1. In-depth interviews  
4.1.1. Introduction  
Based on the identified stakeholders, key informants were identified. A total of 12 interviews 
were conducted. The interviews included those who were heavily involved in the e-waste sector 
or helping to reshape it. That is those who lobby for regulations which would formalize and 
organize the market, or those who conduct research and publish reports and scientific papers on 
the best practices, current status, and recommendations for the market. The respondents included 
representatives of The Centre for Environment and Development for the Arab Region and 
Europe (CEDARE), UNDP GEF, Chemonics Egypt, a researcher at one of the top 
Environmental Consultancy Firms in Egypt (ECFE), and a former high-rank official at The 
Egypt National Cleaner Production Centre (ENCPC). They will be referred to hereafter in the 
data presentation and analysis as CEDARE, UNDP GEF, Chemonics EG, ECFE, and ENCPC 
respectively and collectively as policymakers.  
Waste handling side are those who started or run a business in the e-waste management sector  
whether formal or informal. In this study, businesses belonging to the formal sector were Green 
Core, Recyclobekia, and an entrepreneur. On the other hand, a trader from the Al-Zabbaleen city 
in Manshiyat Nassir, Cairo belonged to the informal sector and is referred to hereafter as 
Manshiya trader. It is important to mention that Recyclobekia is one of the earliest businesses 
operating in e-waste in Egypt and considered by some interviewees as the most successful in the 
formal sector. In addition, representatives of the private sector businesses and organizations were 
analyzed. People from Orange Egypt and The American University in Cairo, referred to later as 
AUC, were interviewed as to better understand the implemented processes and handling 
practices for the e-waste generated in these mega-organizations. An illustration of the involved 
respondents and the stakeholder group to which they belong is shown in Figure 4-1. 
A copy of the interviews guide can be found under Appendix A: In-depth interviews. 
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Figure 4-1: Interview respondents and their respective stakeholder group 
4.1.2. Data presentation  
The data retrieved during the in-depth interviews can be divided into three main interrelated 
themes based on the objectives of the interviews. The first theme is the current situation and 
practices of e-waste management in Egypt. The second theme is the problems faced by the sector 
whether formal, informal or policymakers. The third theme is the insights and recommendations 
from the stakeholders to improve the industry in Egypt. 
- Current status of the e-waste sector in Egypt 
According to all interviewees, the e-waste management in Egypt is mainly dominated by the 
informal sector; this meant that cherry picking is a common practice in the collection.  
This domination prevents the formal sector from accessing the e-waste volumes needed to get 
their businesses. Green Core1 mentioned struggling for over three months to win a single auction 
against the informal sector.  
The domination also calls for their proper integration into the formal sector as suggested by 
ENCPC2. Recyclobekia3 highlighted that formalization and integration of the informal sector 
by sending them to industrial areas to establish their facilities would separate the informal sector 
from the generation sources, and they would not accept that. 
                                               
1 Personal communication, February 6, 2019 
2 personal communication, February 7, 2019 
3 personal communication, January 27, 2019 
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On the other hand, the e-waste generation market is mainly dominated by the private sector 
which prodcues around 56% of the total e-waste generated and has high value due to the low 
depreciation. In the second place comes the households which account for nearly 23% of all 
waste generated. The problem with households’ e-waste is that it is mostly stored at homes and 
does not reach the recycling market as confirmed by Chemonics EG4and Orange Egypt5 who 
added “consumers would give their first born before giving their old TV set”. Finally, the public 
sector generates around 19% which is usually highly depreciated equipment with low value. One 
exception is the e-waste produced from Telecom Egypt, Egypt’s government-owned 
telecommunication company, as mentioned by UNDP GEF6 and Recyclobekia.  
- Dynamics of the informal sector 
As explained by UNDP GEF, the dynamics of the informal sector solely depends on the 
abundance of enough cash flows to finance the purchasing of collected waste from small 
informal collectors, referred to henceforward as “Dominant traders”. This allows them to be the 
price setters of the collected streams. Under this layer of dominance in each area, the collection 
of different streams is divided among the scavengers who go through the garbage and unsold 
materials in local markets and collect the wastes related to their stream. The collected streams are 
then accumulated in focal storage areas which are owned by the Dominant trader of the area, as 
highlighted by Manshiya trader7.  
Thus, the supply chain, as clarified by the Manshiya trader and illustrated in Figure 4-2, starts 
with scavengers and pickers who collect, dismantle and sell their dismantled e-waste to the 
Dominant trader. The Dominant trader acts as a middleman between the small collectors and the 
exporters who send the dismantled waste abroad, for instance to Turkey and Germany, to be 
processed. The Dominant trader buys the dismantled parts by weight and according to a 
predefined price based on the part value.  
The e-waste streams the interviews focused on are computers, tablets, mobile and laptops, and 
their parts. The collection area in the study is Manshiyat Nassir in Cairo, Egypt.  
 
                                               
4 personal communication, February 14, 2019 
5 personal communication, February 10, 2019 
6 personal communication, December 23, 2018 
7 personal communication, January 10, 2019 
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Figure 4-2: Informal sector in Egypt e-waste management chain 
- Collection and transportation trends 
The current collection and transportation practices and efficiency were discussed with the 
stakeholders. Collection is seen as mostly efficient, by UNDP GEF, especially from the private 
and public sectors which sell their e-waste in auctions. Recyclobekia added that they sometimes 
receive e-waste from some companies in the private sector as donations instead of through 
auctions.  
The auctions are held for all types of discarded items. The separation of waste according to type., 
meaning that e-waste is separated from furniture and other items is not guaranteed. Some entities 
tend to separate them, such as Orange Egypt, while others put the entire lot for auction, as in the 
case of AUC8. In addition, there is no regulation that prevents a certified e-waste trader from 
bidding for other items, as clarified by Orange Egypt.  
The collected e-waste does not undergo any special transportation procedures. A practice that 
is seen as legal, since no regulations are dictating any, even during exportation, as agreed on 
unanimously by all the interviewees. The lack of policies regarding the transportation costs and 
the party responsible for it was also discussed by Orange Egypt. According to the respondent, the 
current practice at their corporate is the traders winning the auction covers the transportation 
expenses.  
ENCPC and Orange Egypt believe in the importance of having incentive-based collection 
schemes to end-users at collective disposal points. Coupled with awareness campaigns, this 
would increase the efficiency of the collection of household generated e-waste. 
- Regulations guiding the sector and their impact 
According to the interviewees from the formal sector, Orange Egypt and most policymakers 
there are recent regulations governing the access to and handling of e-waste generated. This is 
                                               
8 personal communication, February 4, 2019 
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applied through the requirement of an Environmental Impact Assessment (EIA) and industrial 
registration for collectors and handlers to be able to participate in auctions held by the public and 
private sector for their e-waste. This seems to be applied for the telecom sector only, since the 
respondent from AUC was not aware of any regulations in place. Thus, Green Core sees it 
essential to be generalized for all sectors. The environmental law in Egypt holds the waste 
generator responsible for the safe handling of their waste either in their own facilities or through 
a third party, as mentioned by the UNDP GEF. It is important to note that auctions are the 
primary method companies dispose of their e-waste and thus it is critical to the access to e-waste. 
This forced some of the informal Dominant traders to acquire the needed formalization papers, 
as mentioned by UNDP GEF and CEDARE9.  
However, several problems with the regulations in Egypt were highlighted. For instance, ENCPC 
and CEDARE mentioned that regulations and laws are administred in a scattered manner under 
many different authorities and ministries. Green core and the entrepreneur10 highlighted that 
there is a loophole with the EIA and industrial registration law which allows the registration of 
dummy recycling facilities owned by the informal Dominant traders under which they enter the 
auctions. This makes the entire registration process inefficient and merely “paperwork” as 
referred to by the entrepreneur.  
Another problem faced by Recyclobekia and mentioned by UNDP GEF, the Manshiya trader and 
the entrepreneur was the preparation of the EIA and registration papers, given the fact that the 
process is bureaucratic.  
The Manshiya trader also went on to discuss a major problem with the formalization of the 
informal e-waste handlers which is the need for an established facility with equipment in order 
to be able to obtain an EIA which requires huge capital investment. A viable solution to this 
problem in their opinion is the government facilitating the obtaining of land and financing 
the facility establishment and the equipment purchasing while offering tax exemptions to 
encourage formalization. A suggestion that was backed by ENCPC, ECFE11, CEDARE and the 
entrepreneur, whose main problem with starting his own e-waste recycling business was 
financing. 
                                               
9 personal communication, November 26, 2018 & February 12, 2019 
10 personal communication, February 4, 2019 
11 personal communication, February 12, 2019 
  49 
- Problems facing the sector due to the lack of regulations 
From the waste generation side, the problem of the lack of regulations for auctions and the 
choice of safe handling traders for e-waste mentioned by the AUC is aggravated by businesses 
and organizations treating their generated e-waste as assets. These assets are supposed to 
generate revenues upon disposal leading to the winning of auctions by the highest bidder with 
minimal or no regard to the safe handling of the e-waste. This problem is slightly mitigated in the 
case of corporates with a robust Social Responsibility acting as a good corporate citizen, which 
again has its limits when it comes to compromising possible revenues for the sake of 
environmental responsibility as indicated by the interviewees from the private sector.  
The generation side is also characterized by the fluctuation of its supply. A problem that was 
highlighted by the policymakers and most other stakeholders, which affects the formal 
businesses as they do not have a constant flow of feed to start a profitable industry. The 
fluctuation is a result of the reluctance of some businesses to dispose of their e-waste to the 
formal sector or their preference to export it to certified handlers abroad for data security 
concerns. A concern which Orange Egypt addresses by physically punching holes into Hard Disk 
Drives after deleting all the data and replacing it with Zeros and Ones before they are sold in 
auctions.  
Among the other problems related to the regulations in Egypt which were identified by the 
interviewees was the fact that there is a lack of auditing and law enforcement from the 
government after the issuance of the registration paper of the formal sector. As a result, many of 
the formal recyclers who even have facilities, although primitive, tend to use their registration 
papers to gain access to auctions and then resell the collected e-waste to exporters and traders 
from the informal sector, a point that was hinted out by the formal sector and the private sector. 
However, Green Core reported a recent inspection done by the Ministry of Environmental 
Affairs (MoEA) on all authorized e-waste recyclers after a number of complaints were filed. The 
lack of auditing was tackled by CEDARE with the importance of having governance and 
structural reform to allow for effective auditing and law enforcement. 
When asked about any future regulations expected to be issued by the government, ENCPC 
applauded the recent creation of the Waste Management Regulatory Agency (WMRA) in 2015. 
Working under the MoEA, WMRA is responsible for all matters related to waste management in 
Egypt in general. A step that was viewed as crucial also by ECFE and UNDP GEF, since it puts 
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the enforcement of all the scattered laws regarding waste management in the hands of a single 
entity for improved enforcement. This newly created agency is in the process of issuing a law 
that is inclusive of all waste streams as confirmed by Chemonics EG which is currently 
preparing the necessary study and guidelines for the MoEA.  
ENCPC and Green Core also expressed the importance of the government defining clear 
regulations for the tendering process of e-waste in all sectors. Moreover, they highlighted the 
necessity of the issuance of a government authorized recyclers list to limit the access to e-waste 
to safe formal handlers. This would tackle the problem that AUC hinted in their e-waste handling 
process and ensured that waste is collected from the source. This step was also deemed as 
necessary, by the entrepreneur, to eliminate cherry picking and make the industry profitable. 
Currently, in Egypt, there are ten certified e-waste recyclers authorized by the EEAA as 
indicated in an official document shared by one of the respondents, which can be found under 
Appendix C: Authorized e-waste recyclers in Egypt. Among those certified recyclers were ITG 
and EERC whose names were mentioned repeatedly in interviews as being inefficient and selling 
their retrieved e-waste for exportation but there was no success in trying to arrange meetings 
with the managers of both facilities to discuss the topic.  
One certified recycler who was applauded by Orange Egypt to be doing a great job in the lead-
acid battery recycling industry is a facility owned by a Mr. Awad-Allah to which CEDARE 
agreed.   
UNDP GEF added the importance of recognizing the recycling industry as a separate sector and 
not to include recyclers under mining industries or other sectors to allow for exclusive positive 
incentives to the sectors. It is important to mention that both the informal and formal sector have 
commercial registration documents and pay taxes as claimed by the interviewees from the formal 
and informal sector as well as UNDP GEF.  
- Extended producer Responsibility Program in Egypt 
When talking to interviewees about the ongoing policy reforms and the collection, it was 
inevitable discussing the practicality and success of an Extended Producer Responsibility 
(EPR) program here in Egypt. ECFE found that the informal sector does a great job in the 
collection of e-waste. The problem was with delivering the collected quantities to the formal 
sector and suggested EPR to address that.  
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UNDP GEF talked about the lack of awareness about the e-waste problem in Egypt. In their 
opinion the manufacturer or producer should be held responsible for covering for the safe 
disposal of the products or at least recollect it at its EOL and manage it in the producers’ 
facilities. They also talked about the possibility of the government implementing an EPR 
program as a policy in its pilot phase before it becomes a law; however, they are still facing the 
problem of who bears the financial burden of an EPR program.  
CEDARE also agreed with the importance of an EPR program in Egypt. They added that the 
end-user should be held responsible for delivering their e-waste to collection and recovery 
centers. In addition, they suggested the establishment of a Producer Responsibility 
Organization (PRO) to manage the EPR program including the funds.  
ENCPC viewed the government’s role in the early stages of an EPR program as pivotal. They 
agreed with UNDP GEF that it should be initiated by the government but that is should then be 
handed over to a PRO as stated by CEDARE. They added that the suggestion of the PRO having 
a quasi-governmental status would be a good option.  
ENCPC also addressed the concern, raised by UNDP GEF, regarding the financial 
responsibility of the EPR program. ENCPC believes that the responsibility should be placed 
onto producers, manufacturers and importers. Especially that they are the ones who can cover for 
these costs when selling their products.  
The Manshiya trader also backed the opinion for an EPR program in Egypt but had their 
concerns regarding the informal sector being included in such a program. As the selling prices 
for the collected e-waste would be imposed onto them and might not be fair leading to the 
informal sector refusing to formalize. The situation is currently similar, where the formal sector 
offers low prices for the products. Thus, the informal sector refrains from doing business with 
the formal sector.  
ENCPC suggested to train the informal sector and integrate them into the formal e-waste 
management sector not just as collectors but maybe in the treatment phase as well to mitigate the 
social effect of formalization on the informal sector.  
Recyclobekia and Green Core agreed with the importance of an EPR program in general but had 
their doubts of its effectiveness in Egypt. This is due to the unwillingness of Egyptians to pay 
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money to get rid of waste. In addition to the fact that the collection system in Egypt is 
complicated.  
Nevertheless, Green Core wished for it especially with an Advance Return Fee (ARF) as it 
would finance their recycling business. Orange Egypt saw a regulatory framework or a law as 
crucial for an EPR to be funded by businesses otherwise EPR programs will remain separate 
initiatives from businesses. Since businesses would not voluntarily do an EPR program without a 
clear profit or benefit from it.  
Orange Egypt mentioned having several previous initiatives as part of their Corporate Social 
Responsibility (CSR). One initiative was to collect old cellphone batteries in return for credit and 
then send them for safe disposal. Another was having phone collection schemes for their 
employees and their families which were sent to ITG, one of the formal authorized e-waste 
recyclers in Egypt. That is in addition to holding awareness campaigns to the public all over 
Egypt. These initiatives were deemed as a success with large participation from the targeted 
segments. They also talked about their recent agreement to be part of a collection scheme that 
was externally funded as part of a UNDP GEF project installing collection points at their outlets.  
- Economics of an e-waste industry in Egypt 
To assess the viability of an e-waste industry to be started in Egypt, it was essential to assess the 
generated quantities. Accurate data estimating the e-waste generation quantities in Egypt is 
absent. This is due to the lack of any tracking system implemented by the government, a 
problem that was highlighted by the policymakers, Green Core, and the entrepreneur.  
ENCPC recommended that the government should require reporting from importers and 
manufacturers on the safe treatment of their products. ECFE added that the government should 
start keeping records of all imported electronics with the quantities of each type instead of just 
recording the monetary equivalence of the shipments. This should be in addition to requesting 
numbers of collected and treated e-waste from formal recyclers, a new procedure recently 
implemented by the government as reported by Green Core.  
Chemonics EG attempted to project an estimate for the next five years for the e-waste generation 
in Egypt. In the study conducted by their office, they revealed that Egypt’s generation rate would 
reach around 370,000 tons of e-waste per year in 5 years’ time, of which 148,000 tons will be 
plastics.  
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Regardless of the lack of a tracking system, interviewees believe that according to current 
estimates, Egypt could have its own e-waste recycling industry. The entrepreneur mentioned that 
according to their market research and investigations, the Egyptian market is in high demand of 
the extracted metals from the e-waste which they export at high prices.  
ECFE mentioned a recent feasibility study carried out by their firm to assess e-waste industry 
feasibility. They found that for a recycling industry to be profitable, a minimum of 30 tons per 
day need to be fed to recycling facilities. Otherwise, a Collection, Dismantling, and Exportation 
industry would be more cost efficient. Especially that the recycling industry needs skilled labor. 
Orange Egypt mentioned that a recent communication with Umicore, one of the major e-waste 
recyclers in Europe, revealed that they offer 15,000 Euros for a ton of cellphones without 
batteries. Recyclobekia, as a major e-waste exporter, claimed their monthly export volumes to be 
in the range of 50 to 60 tons collected mainly from Dominant traders with operations covering 
the entire Egyptian territory.  
ECFE emphasized that Egypt is top e-waste generator in the African continent. Chemonics EG 
added that the Egyptian government is currently expanding in the use of technology for different 
services such as the use of tablets in schools and this would definitely generate large volumes of 
e-waste.  
ENCPC suggested establishing Egypt as a regional e-waste recycling center for the African and 
Middle Eastern countries. This would, in turn, justify the initial capital investment and diversify 
the supply market covering for collection deficiencies in Egypt. As well as capitalize on Egypt’s 
proximity to major e-waste destinations such as Ghana which would make shipping cheaper than 
Europe, a suggestion that was backed by Recyclobekia, CEDARE, and ECFE.  
ENCPC believed that an e-waste industry which caters for both Micro, Small and Medium 
Enterprises, as well as large investors, would create a healthy business macroenvironment. 
This meant that local businesses could carry out a single process from the e-waste management 
cycle, such as collection, dismantling or pretreatment only, or could combine more than one 
process based on their investment capacity. In addition, the government should encourage and 
integrate this ecosystem to create a value chain. They also emphasized the importance of 
building a value chain for the industry through metal extraction in Egypt.  
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Having a Center of excellence for cleantech of e-waste industry in Egypt is also an essential step 
to support growing an e-waste recycling industry in Egypt and establish Egypt as a pioneer in the 
field, as indicated by ENCPC and CEDARE. 
Further adaptation of the ecosystem for the establishment of an integrated circular economy is 
needed. ENCPC finds its important to have a Cost Catalogue which clearly identifies the 
products that are considered e-waste, along with having a Waste Exchange Program, similar to 
the Industrial Waste Exchange program (IWEX) started by the ENCPC. Such a program can also 
be supervised by the PRO to connect the supply and demand sides and eliminate the middlemen 
thus tackling the lack or fluctuation of feed supply to recyclers.   
- Current handling technologies and practices 
The informal sector and Recyclobekia are not involved in any e-waste treatment and recycling. 
On the contrary, they only collect and prepare for exportation by e-waste separation with no 
pretreatment to any e-waste stream, except batteries which require the covering the metals 
nodes. The Manshiya trader explained that they export the collected e-waste as it is. Elaborating 
that if they collect a cellphone, it is exported as a phone and if they collect just the PCB it is 
exported as that. Stating that those who attempt to extract gold from PCBs and other metal-rich 
components have very low extraction efficiency and metal purity grade.  
A pretreatment facility in Ain Sokhna Free Zone, which imports e-waste, pretreats it and then re-
exports was reported by the entrepreneur but could not be verified.  
Exportation seems to be entering a phase of restriction by the government as affirmed by both 
the Manshiya trader and Recyclobekia. This is the main reason behind the operations being idle 
at the time of writing this study. A movement that was seen as essential by ECFE to increase the 
e-waste flow to the formal sector operating in Egypt reviving the industry.  
The interviews also shed light on the primitive practices of the formal sector. This limits their 
competitiveness in the market, misses the added value from the industry and reduces the current 
nature of the e-waste management industry to being just collectors and dismantlers. There is 
also minimal following of health and safety regulations as agreed by all interviewees.  
All separation and dismantling practices in Egypt are manual which was viewed as the most 
suitable for Egypt, by the UNDP GEF, given the low labor costs.  
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In the case of Green Core, a facility which cost around 8 million US dollar of self-funding to set 
up, the treatment process is entirely manual. It starts by manual testing of the parts which can be 
reused or undergo maintenance, then those which cannot be reused are manually dismantled. 
After dismantling similar components are classified together, and then a grinding process is 
performed for the purpose of size reduction. Shaking tables receive the ground materials for 
preliminary separation of plastics and metals. The PCB then undergoes a de-soldering process to 
remove all components mounted on it. A Carbonization process is performed on the PCB wafer 
and any component which contains plastics mixed with metals. They are then sent for 
metallurgical extraction of metals using Nitric and Hydrochloric acid and Aqua Regia. The 
removed components and the chemicals produced from the metallurgical process are sent for 
safe disposal through EcoConServ, an environmental services company. They also highlighted 
the fact that Liquid Crystal Displays (LCDs) and Cathode Ray Tubes (CRTs) are not recycled in 
Egypt and that they store them to be exported. Green Core currently produces 9999-grade copper 
through refinement in an induction furnace and then anode casting, and they sell to El-Sewedy 
Electric. The entrepreneur also echoed the same treatment process only skipping the 
carbonization process.  
The applied processes at Green Core resembles a great extent the Best Available Technology 
(BAT) for the handling and treatment of e-waste in Egypt that is currently being prepared by 
Chemonics EG. For PCBs, the BAT process starts with the removal of all components mounted 
on the PCB, such as the capacitors and transistors. The PCB wafers are then crushed. The 
removed capacitors and transducers are incinerated and landfilled, while the transformers are 
sent to copper smelters for copper and steel recovery. Removed transistors undergo precious 
metals recovery. The crushed PCB mixture then undergoes dry separation process to separate the 
metal mixture from the nonmetals such as plastics and fiberglass which contain Persistent 
Organic Pollutants (POPs). The metal mixture is then separated into Ferrous, mainly steel and 
iron, and Nonferrous, such as copper, lead and aluminum, using electromagnetic separation. The 
aluminum in the Nonferrous mixture is then separated using density separation. The remaining 
lead-copper mixture is then treated using smelters as Pyrometallurgical technique at a 
temperature of 1000-1300°C for lead smelters and 900°C for copper smelters to produce lead 
and copper ingots respectively. Copper smelters also produce slag which is sent back to lead 
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smelters. Advanced refinement is applied to the copper ingots using reagents or 
Hydrometallurgical techniques to extract the precious metals from them. 
Similarly, lead ingots are refined by adding alloying agents. Slag produced from lead smelters is 
sent to hazardous waste landfills since according to Chemonics EG, the toxic vapors produced 
from the burning of slag produced from Lead in Cement kilns or incinerators needs air treatment 
units which are not guaranteed in Egypt. A summary of the described BAT is illustrated in 
Figure 4-3. 
When asked about the preference of the use of only pyrometallurgy or hydrometallurgy in 
the e-waste recycling industry, Chemonics EG presented a comparison between the advantages 
and disadvantages of both techniques which are shown in Table 4-1. Pyrometallurgy is based on 
the melting of waste to retrieve the molten metals from the slag produced (Birloaga et al., 2013), 
while hydrometallurgy is based on the process of the chemical treatment using acids or caustic 
leaches of mineral mixtures in order to extract the metal concentrates and remove impurities (Cui 
& Roven, 2011). They added that most international metal recovery facilities including Umicore 
use Pyrometallurgical technique and thus do not perform any pretreatment but the removal of 
mounted parts from the PCB. Regarding the different agents used in Hydrometallurgy, 
Chemonics EG mentioned that the use of Cyanide as leachate could be recycled and reused again 
in the treatment process, but in the case of Aqua Regia, it cannot be recycled. Finally, regarding 
biohydrometallurgy which uses bacteria, they said that it is too slow and inefficient on the 
industrial and commercial scales. 
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Table 4-1: The advantages and disadvantages of Pyrometallurgical and Hydrometallurgical techniques 
 Hydrometallurgical 
Techniques 
Pyrometallurgical 
techniques 
Wastewater √ 
Large amounts of wastewater 
are produced 
N/A 
The processing rate of e-
waste quantities 
Slower  Faster  
Produced metal grades Lower  Higher  
Toxic emission, including 
POPs 
N/A √ 
Slag as byproduct  N/A √ 
Initial investment  Lower  higher 
Space needed for the 
treatment facility 
Smaller  Larger 
Energy demand Minimal √ 
Energy intensive 
- Social features of e-waste handling in Egypt  
From a social perspective, Health, safety, and salaries of those working in the e-waste sector 
were investigated. The informal workers in the sector have access to the standard public health 
services offered to most Egyptians through the public hospitals and medical centers present in 
their neighborhood, as reported by the Manshiya trader.  
As for the formal sector, Green Core reported currently employing in their facility around ten 
workers. They have medical and social insurance and are obliged to wear Personal Protective 
Equipment (PPE), which is supplied by the facility, or face salary deductions if not complying.  
From the awareness point of view regarding the health hazards related to e-waste management, 
all stakeholders exhibited a level of awareness. The level varied from knowledge of the exact 
health hazard associated with each product, as in the case of UNDP GEF, to being aware of the 
presence of some sort of hazard with the improper handling, as in the case of most other 
interviewees.  
One important concern that was raised by both the Manshiya trader and Recyclobekia was the 
fact that although workers are to some extent aware of the health hazards, they compromise 
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their health and give it no importance for the sake of being able to earn money for their 
families.  
Orange Egypt also mentioned that although the level of awareness and knowledge on the 
government level regarding the e-waste problem, this is not reflected on the ground given the 
lack of policies and regulations.  
As for the salaries and wages in the sector, they are set based on different benchmarks in both 
the formal and informal sector. The informal sector tends to set their prices based on the prices of 
precious metals in Egypt, a market that does not follow the international price markets and tends 
to always be exaggerated as mentioned by ENCPC. The Dominant traders set those prices and 
buy accordingly from their collectors regardless of how much the collectors pay to salvage the 
collected e-waste. This makes profit generation merely based on the bargaining skills of the 
collectors in the informal sector. In the Formal sector, Recyclobekia mentioned setting their 
purchasing prices based on the international market with a profit margin since they depend on 
exportation mainly. They viewed their prices as competitive and appealing to the informal sector 
which provide them with collected e-waste. Green Core, on the other hand, reported paying 
salaries ranging from 3,500 to 10,000 Egyptian Pounds (EGP) to their workers, referring to the 
intention of increasing these salaries in the future to make it more competitive when business 
starts to improve.  
- Rejects handling and safe disposal 
Health and safety are directly related to the safe disposal of wastes in general. This entails the 
presence of landfills and other methods to dispose of the rejects resulting from the e-waste 
handling processes.  
Discussing the presence of hazardous landfills in Egypt with all stakeholders, they all referred to 
Al-Nasiriya landfill in Alexandria governorate as the only hazardous landfill in the country. This 
makes the process of safe disposal extremely expensive due to transportation costs. In addition, 
the landfill was reported to refuse e-wastes by Recyclobekia, Orange Egypt. 
ENCPC referred to the fact that the landfill is currently full and temporarily closed until the 
ongoing upgrade which adds two extra cells is finished.  
It was also reported that Egypt is currently constructing two hazardous landfills one of which is 
privately owned and located in El-Saffe area, Giza governorate to the south of Cairo.   
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The lack of safe disposal options makes it a common practice to open dump or burn any rejects 
by the informal sector, or they end up in the municipal solid waste stream or the sewage system 
in case of liquid chemicals, as mentioned by UNDP GEF. 
Regarding incinerators, Egypt has none for any of the waste streams except medical waste, as 
mentioned by Chemonics EG and ENCPC. ENCPC stressed on the importance of establishing 
incinerators around the country especially for places which have no access to desert land to build 
a landfill.  
However, both ENCPC and UNDP GEF emphasized on the importance of discouraging 
landfilling and incineration. This can be achieved through imposing large fees on landfilling and 
incineration and encourage circular economies which make use of rejects of one industry as a 
raw material to another industry. Currently, Green Core is looking into collaborating with 
cement industries to sell them their refuse materials for energy recovery instead of their current 
practice of safe disposal through EcoConServ.  
According to the aforementioned document received from one of the interviewees with the 
names of the certified e-waste recyclers, there are currently three authorized cement factories 
which use rejects as Refuse Dry Fuel (RDF) located in Assuit, Alexandria, and Suez.  
Given the fact that e-waste recyclers in Egypt use hydrometallurgical techniques which produce 
chemicals and wastewater, Chemonics EG stated that this industrial wastewater and chemicals 
are typically stored in tanks which are then taken by the local authorities in return of a fee to an 
industrial wastewater treatment facility for the industrial area the factory is present it.   
4.1.3. Analysis 
- Current regulations and proposed improvements 
From the interviews, it is clear that the domination of the informal sector in the e-waste 
management sector in Egypt and their common practice of preparing e-waste for exportation has 
not changed from the most recent published literature (Fathya Soliman & Mounir Boushra, 2017) 
as well as the dynamics of the informal sector. However, there is a shift in the government 
approach towards the sector attempting to regulate it. The recent policy defining the tendering 
process of e-waste issued, which requires e-waste handlers bidding in private and public sector 
auctions to have an EIA and industrial registration is a step forward, yet the fact that AUC 
mentioned they did not receive communication from the government unlike Orange Egypt shows 
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that the policy is either not adequately enforced or is not generalized on all sectors as opposing to 
the SRI report (Soliman & Abdelmoniem, 2017) and the claims of the UNDP GEF during the 
interview. In addition, the formalization does not seem to be efficient since it has been repeatedly 
mentioned that informal traders are registering with dummy recycling facilities just to get access 
to auctions. This warns that the current formalization attempts are fragile, and their success is 
jeopardized by improper law enforcement.  
The government recently made another progressive reform to the waste management system in 
an attempt to the tackle the problem highlighted in the interviews and the literature (Soliman & 
Abdelmoniem, 2017) regarding the scattered laws governing waste management with all its 
stream among different ministries and authorities. The reform, as mentioned by ENCPC, is the 
creation of the WMRA, according to the ministerial decree number 3005/ 2015, to be responsible 
for the management of all waste streams in Egypt and auditing the enforcement of related laws. 
The decree also puts WMRA responsible for the preparation of new waste management laws, 
accrediting waste management technologies and encouraging research in the field of waste 
management (Egyptian Cabinet, 2015). Unfortunately, the lack of auditing and law enforcement 
is still an issue as highlighted in the interviews. Direct communication of the policy to all sectors 
and frequent auditing is needed to ensure the success of the process. This would also help tackle 
the problem of unclassified wastes being put for auction altogether, a problem highlighted by the 
literature (Fathya Soliman & Mounir Boushra, 2017; Ministry of State for Environmental 
Affairs, 2012) and is confirmed to be still ongoing by the AUC during the interview. 
- PRO and EPR programs in Egypt 
Apart from individual initiatives held by corporates as part of their CSR, the interviews revealed 
the absence of an EPR program which is a common method of battling the mismanagement of 
wastes. There is a consensus among all interviewees and literature that an EPR program in Egypt 
is critical to regulating the sector and formalizing it. The introduction of an EPR program in 
Egypt would tackle the financing problem that the sector faces through funding it from the 
collected fees as part of the program. The benefits of such a program extend far beyond 
financing the industry. For instance, it would shift the current approach of users treating e-waste 
as assets and would require them to recycle their generated e-waste through authorized formal 
recyclers. As a result, the quantities of generated e-waste reaching formal authorized recyclers 
would boost resolving the fluctuation of supplies they face as well as forcing the informal sector 
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to formalize. To ensure the success of an EPR program in Egypt, transparency and neutrality of 
the program as well as constant auditing and reporting are needed. One way to achieve that is 
through the establishment of a PRO with a quasi-governmental status that is sponsored by the 
government and supported by the needed legal framework to enable it to oversee the e-waste 
disposal and recycling process, audit it and enforce the law. The PRO should have members 
representing stakeholders of the e-waste management cycle; that is the WMRA, MoEA, 
electronics producers and importers, and Recyclers. In addition, the PRO should have a research 
arm which works on improving the Recycling process technically and through policy reforms 
and would be funded by the PRO. The money generated from the EPR program should be 
handled by the PRO and used to fund the program, subsequent research, the PRO operations and 
the recycling industry in the form of providing loans and financing facilities for businesses to 
launch in the sector.   
- Financing the sector  
While a legal framework is fundamental for e-waste management in Egypt, the presence of an 
infrastructure which can accommodate the practices dictated by the law is indispensable. The 
interviews resonated the financing problems stated in the literature (Fathya Soliman & Mounir 
Boushra, 2017) which both the formal and informal sector face when starting a recycling 
business. Although the sector can be of an added value and profitable, financing problems 
summarized in the substantial capital investment needed for land, machinery and covering 
operational cost during the early business period are repelling entrepreneurs and the informal 
sector from formalizing and starting a business. This is seen as a major contributor to the 
domination of the informal sector over e-waste management as well as exportation being the 
main activity in the sector in an attempt to avoid the large costs of setting up a recycling 
business. Given the recent interest of the government in revitalizing the sector and regulating it, 
financing and sponsoring schemes from the government should be offered to entrepreneurs 
willing to enter the recycling business. This can be done through offering Lease to Buy contracts 
for land plots to establish the recycling facility, easing the registration process and permits 
issuance, offering tax exempts to the recycling sector especially Micro, Small and Medium 
facilities, and offering low-interest loans. These facilities along with the EPR program and the 
services offered by the PRO would make the Macroenvironment for a recycling industry in 
Egypt lucrative to entrepreneurs and investors. 
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- Formalizing the sector 
While the informal sector does a great job in the collection of e-waste from markets and as 
peddlers, their presence in the e-waste management field with their current informal status is 
harming the sector and hindering the building of a profitable e-waste recycling industry in Egypt. 
Capitalizing on the ability of the informal sector to reach the bottom of the chain from the 
generation side, they can be integrated into the formal sector. Recyclobekia is setting a good 
model for such integration by depending on the Dominant traders as collectors supplying 
Recyclobekia with the needed volumes to export and generate profit. Fine tuning the model 
through allowing and facilitating the formalization of the informal sector as collectors, 
transporters, and dismantlers of e-waste delivering separated streams to recycling facilities 
instead of to exporters. This should be done after they are trained and made aware of the proper 
handling and transporting methods and the health hazards associated with improper handling. 
Such a move would be an addition to the current laws in Egypt which do not require trained 
personnel unlike its European counterparts (Soliman & Abdelmoniem, 2017). From the 
interviews and the literature (Fathya Soliman & Mounir Boushra, 2017), the collection of e-
waste from households is uncommon, a practice that will be further verified in this research. The 
informal sector with its current vast workforce working as peddlers can be utilized after their 
formalization to tackle this problem and increase the retrieval rates of e-waste from households 
through the convenience of Door-to-Door collection as part of the EPR program previously 
discussed. This would also minimize the need for their relocation to industrial areas which was 
mentioned as a discouraging factor during the interviews.   
- Handling exportation  
Given the fact that currently, the predominant practice in handling e-waste generated in Egypt is 
exportation which incredibly impacts the domestic recycling industry, it is vital for the 
government to start officially banning the exportation of e-waste gradually. The move should 
start with banning the exportation of e-waste components which already has local recyclers in 
Egypt. Meanwhile, those unsupported components would be allowed to be exported until the 
government establishes or develops already existing facilities to be able to sustainably recycle 
these components. Once a component has a local recycling facility, the government should add it 
to the list of banned e-waste components from exportation. The gradual banning would allow a 
smooth transition to the establishment of a local recycling industry for all e-waste components 
with high efficiency, in addition to encouraging the research and development of the current 
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primitive practices used. The achievement of a smooth transition can be further improved if it is 
implemented over a predefined timeframe and supported by the government financially and 
regulatorily using the previous methods. 
- Collection of e-waste   
From the interviews, regardless the fact that the informal sector dominates the collection of e-
waste, the process can still be considered as efficient in the case of private and public sectors 
accounting to nearly 75% of all e-waste generated in Egypt. This can be directly linked with the 
auction system that is implemented by the private and public sectors. As a result of the absence 
of a similar collection system for the household generated e-waste, accounting for nearly a 
quarter of the generated e-waste in Egypt as mentioned in the interviews, the collection from 
households is minimal. This dictates the necessity to have a takeback program for electronics in 
Egypt. As previously mentioned, this takeback program should be part of an EPR program which 
offers incentives to the consumers to safely dispose of their electronics instead of storing or 
throwing them away. As part of the EPR program which would be handled by the PRO as 
previously suggested, awareness campaigns to educate the public about the hazards associated 
with improper management of e-waste as well as the takeback program should be held. Further 
details about the type of incentives will be investigated and discussed later in the Questionnaire. 
- Transportation of e-waste 
The literature mentioned regulations for the transportation of hazardous waste, which e-waste is 
part of, in an environmentally sound manner (Soliman & Abdelmoniem, 2017). A regulation that 
seems to be unfollowed in practice as agreed unanimously during the interviews since all e-waste 
is transported without any special precautions and is treated as normal goods. This practice not 
only poses there on the transporters and the handlers due to the possible leaking of chemicals or 
explosion of batteries but also damages the collected electronics diminishing chances for 
possible reusability. Since reuse should be prioritized and encouraged by the government over 
recycling, there is a need to regulate and enforce the transporting of e-waste in a safe and 
environmentally sound manner while ensuring the protection of the transported e-waste products 
to enable their reusability. 
- Tracking  
Although the literature mentioned that handlers are required by law to keep track of the quantity 
and type of collected hazardous waste (Rochat & Grégoire, 2014), the interviews revealed that 
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there is no tracking of e-waste for neither quantitates nor types. This has affected the level of 
confidence with which experts could confirm the feasibility of an e-waste industry in Egypt. 
Moreover, the absence of a tracking system has affected the overseeing of safe handling of e-
waste since the government cannot trace the generated wastes. Accordingly, the government 
should include, as part of the PRO responsibilities, the supervision and tracking of the generated 
e-waste and the amounts being recycled and others being landfilled or exported. This can be 
applied through continuous mandatory reporting from both the generation side, manufacturers 
and importers, as well as the handling side, the recyclers and exporters. Reporting should be 
detailed specifying the classification of the products and their equivalent value as well as the 
amount of materials included in each product reported. Such a move would not only benefit the 
formalization and auditing of the sector but will also enable the proper tracking of the e-waste 
generated and subsequently ease the studying of the need and feasibility of establishing more 
recycling facilities and assessing possible ways in the future to create an added value from the 
sector.  
- Attempts to assess the feasibility of an e-waste industry in Egypt  
The unanimous agreement during the interviews that Egypt generates enough e-waste to start a 
profitable recycling industry in Egypt is backed with the literature that Egypt is among the top e-
waste generators in Africa. This raises the level of confidence significantly that Egypt can start 
its local recycling industry. The suggestion to establish Egypt as a regional e-waste treatment 
center capitalizes on the fact that there are recently no major treatment facilities in the region and 
the central location of Egypt with respect to the middle east and Africa which gives it a 
competitive advantage over Europe. Egypt also has a lower labor cost than Europe and the 
developed countries which would make the recycling process less costly. The success of 
establishing an industry is directly related to the regulating of the sector as previously indicated.      
- Recycling technologies  
The interviews agree with the literature that the current recycling practices in Egypt are mainly 
manual dismantling and any further recycling attempts are primitive and of low quality. 
Regarding the BAT developed by Chemonics EG and mentioned during the interview, the metal 
recovery processes focused mainly on Pyrometallurgical techniques. Since according to them, 
crushing and grinding does not liberate the metals from the non-metals completely and thus 
pyrometallurgy is perfect for the treatment process since it does not require any preprocessing of 
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the e-waste and removes all nonmetals leaving a metal mixture that can easily be refined. This 
preference was evident in the comparison made between hydro and pyrometallurgical techniques 
since their study mainly assessed the processing of massive quantities faster and viewed 
wastewater as a drawback worse than the toxic emissions which can be produced from 
pyrometallurgical techniques. The BAT developed also recommended the landfilling of the slag 
produced from lead smelters instead of using it for energy recovery since energy recovery would 
produce toxic emissions and lead vapors which would require the installation of air filters; and 
according to Chemonics EG, emission control systems in Egypt are not enforced. In Figure 4-3 
which illustrates the developed BAT by Chemonics EG, the extracted materials are highlighted 
with various colors indicating the environmental extent of the product. For the materials 
highlighted in Green, this indicates the extraction of a raw material which is environmentally 
sound. The Red highlight indicates the presence of an environmental and sustainability concern 
regarding the practice, thus requiring a second thought. As for materials highlighted in Yellow, 
this corresponds to an uncertainty of the destiny of the materials as it was not indicated during 
the interview. This uncertainty is regarding material such as plastics and fiberglass from PCBs 
which will be tackled in a later experiment as part of this study to assess the possibility of 
upcycling these materials instead of the common practice here in Egypt of disposing and 
landfilling them. 
Given the current status of the Egyptian recycling industry which neither has to deal with 
tremendous amounts on daily basis nor has the enough means of financing to invest in the 
expensive equipment needed for pyrometallurgical techniques and the large space it occupies, in 
addition to the toxic emission produced which would require unique air filtering systems; it can 
be concluded from the simple comparison in Table 4-1 that hydrometallurgy is preferable for 
Egypt. Chemonics EG even highlighted during the interviews that hydrometallurgical techniques 
are easy to set up and are inexpensive and that the main problem with it is the wastewater 
produced which would require wastewater treatment facilities. They added that most industrial 
areas and chemical factories have treatment facilities; thus, waste wastewater should not be a 
problem here in Egypt. Chemonics EG also mentioned that although the use of Cyanide is 
hazardous and entails safety concerns, with proper precautions, it is more environmentally 
friendly that Aqua Regia since Cyanide can be recycled and reused, unlike Aqua Regia. This 
confirms the findings in the literature regarding the preferred use of Cyanide in 
hydrometallurgical metal extraction in the industry over other chemicals. 
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- Rejects handling and landfilling 
The illegal dumping of toxic and hazardous wastes which was highlighted in the literature 
(Fathya Soliman & Mounir Boushra, 2017) was confirmed during the interviews which revealed 
the absence of a hazardous landfill or incinerators in Egypt. While landfilling and incineration is 
the least preferred waste disposal technique due to the loss of resources, safe landfilling and 
incinerators are an essential part of the waste management cycle. As mentioned during the 
interviews, reuse and recycling should be encouraged over landfilling and incineration, but since 
there are still some byproducts and waste streams which are more economical to be landfilled or 
incinerated for energy recovery over recycling, the government should provide these alternatives. 
From a sustainability point of view, waste exchange programs for e-waste byproducts should be 
established and sponsored by the government or a PRO. Such programs are usually economic 
saving energy and resources as well as diminishes the need for landfilling which is costly and 
consumes large land areas. 
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4.2. Questionnaire  
4.2.1. Data presentation and analysis 
- Public awareness about e-waste impacts 
Public awareness about the e-waste problem and its impact on health and the environment is key 
to their engagement in any safe disposal campaigns or EPR schemes. The affirmative response to 
the questionnaire regarding the participants' awareness of the e-waste impacts was at 61%; a 
level that is relatively low for a country that has literacy rates of  75% (CAPMAS, 2019). The 
level of awareness exhibited an upward slope as the highest earned educational degree of 
respondents advanced, with high school graduates having a level of awareness at 59.7%, 
university graduates at 60% and postgraduate degree holders at 62.6%. This slight increase 
suggests that education in Egypt is not strongly related to public awareness about the issue of e-
waste management, especially when examining the awareness by age groups. The level of 
awareness increases significantly with the increase in age reaching 90.4% for the age group of 
over 55 years old, as shown in the Figure 4-4, which is probably due to life experience.    
Moreover, the overall low-level of awareness necessitates the presence of a nation-wide 
awareness campaign regarding the impacts and the proper safe methods of disposal for the 
generated electronic wastes. This campaign should be implemented after the establishment of a 
standardized labeling system for electronics which classifies the different components according 
to their degree of hazards associated. 
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Figure 4-4: Level of awareness about e-waste impacts of questionnaire respondents by age group 
- Households common e-waste disposal practices 
Literature and interviews reported a trend of households storing their electronics instead of safely 
disposing of it. The retrieved results from the questionnaire regarding households' behavior 
towards their e-waste, as illustrated in Figure 4-5, show that 71% of all participants store their 
electronics, which confirms the literature and the interviews. Some of the respondents mentioned 
storing only their phones and other electronics which contain their data out of fear for their 
privacy and sell or dispose of other electronics. The level of awareness of participants is related 
to their tendency to store their appliances. High school graduates, who exhibited the least 
awareness, were the highest segment to store their electronics standing at 76% of the segment. 
The percentage decreased to around 69% for the university graduates’ segment as well as the 
postgraduate degree holders due to the increase in awareness. Assessing the behavior by age 
groups, a declining trend is illustrated as the age group is increased; however, incongruity occurs 
at the age group of 46 to 55 where storing is the least at a percentage of 31.2%.   
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Figure 4-5: Households' behavior towards their generated e-waste 
The second-most common choice towards e-waste is reselling to secondhand stores which stands 
at 26%. Reselling is environmentally friendly as it encourages reuse and recycling of the 
products; however, the main reason behind consumers reselling their electronics is revenue 
generation which agrees with what was stated during the interviews that e-waste is treated as 
assets to be salvaged with nearly absent responsibility towards safe disposal. It also suggests that 
an incentive-based takeback program would effectively improve the safe disposal of e-waste 
among households. Although the level of awareness increases with advancing the educational 
level, postgraduate degree holders were the least selling to their electronic products at 15.6%. An 
illustration comparing the different behaviors of participants to their educational level is shown 
in Figure 4-6. As per age groups reselling their e-waste products, a nonuniform increasing trend 
occurs with increasing the age group, as shown in Figure 4-7, which illustrates both the 
aforementioned storing trend and the reselling trend across the different age groups.  
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Figure 4-6: Storing and Reselling of e-waste across different educational levels 
 
Figure 4-7: Storing and Reselling trends among different age groups 
The fact that throwing away old electronics is practiced nearly 15% of the time is alarming, as 
these thrown away e-waste end up being mixed with municipal solid waste, since there is no 
waste separation in Egypt, and can be landfilled. This both poses environmental hazards as well 
as results in resource loss. However, given the current status of the e-waste management sector 
in Egypt which is heavily dominated by the informal sector working as scavengers, this 
percentage is highly likely to be retrieved and fed into the recycling industry or exported.  
Finally, donations stood at around 4% while being most common among those of the age group 
46 to 55 with donations reaching 31.25% of the entire segment. Donations have a similar impact 
to reselling since donated products are either recycled or reused. 
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- Willingness for safe disposal programs 
Acceptance rates for collection and safe disposal programs among households are extremely high 
reaching 89.4%, which complies with Orange Egypt’s claim during the interview that their 
takeback initiatives were popular and successful. Although the rates dropped to 54.2% in case 
the program entails an extra cost, the rate is still relatively high. This suggests the high 
probability of success if an EPR or a takeback program is introduced in Egypt. Further analysis 
of the participants responds shows that there is a relation between the educational level and the 
willingness to pay for safe disposal. Since opposition rates were the highest among high school 
graduates at 55.55% and decreased as the level of education advanced reaching 46.6% for 
postgraduate degree holders as shown in Figure 4-8. 
 
Figure 4-8: Opposition rates to a paid EPR program according to educational level 
The acceptance rates are swayed back to 74.8% provided that the EPR or takeback program 
includes the return of the Advanced Return Fee paid upon drop-off of the e-waste products at the 
collection points. Such a change highlights the significance of an economic incentive to 
encourage households' participation in an EPR program ensuring its success and sustainability.  
A potentially successful and acceptable paid EPR program in Egypt would have to be handled by 
the private sector instead of the government as preferred by about 78.4% of the respondents. This 
is possibly due to the lack of confidence in government-led programs based on the respondents' 
experiences where the quality of services provided by the private sector is higher than its 
government-provided counterparts. A postulation that can be further confirmed through the 
analysis of the segments preferring taxation and government-led programs over the private 
sector. As shown in Figure 4-9, there is a steep declining trend as the age group increases. An 
indicator that is related to life-experiences and increased exposure to government services which 
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could have influenced the respondents' choices. Therefore, the establishment of a PRO to 
manage EPR programs in Egypt, as suggested during the interviews and the literature, would 
satisfy the majority preference for an EPR program led by the private sector. 
 
Figure 4-9: Preference of a tax-based government-led EPR program according to age groups 
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Chapter 5 : Upcycling of e-waste rejects 
5.1. Introduction 
5.1.1. Materials found in e-waste rejects  
Rejects generated from e-waste are mainly nonmetals, which constitute around 70% of the 
generated weight of the e-waste (Kaya, 2016).  The common component in all produced e-waste 
is the Printed Circuit Boards (PCBs). PCBs represent the highest generated fraction of e-waste 
by weight (Fathya Soliman & Mounir Boushra, 2017). They are the green or yellow substrate 
found in electronics on which all electronics components are mounted and connected together. 
The nonmetal fraction of PCBs is either made of cellulose paper, making it of low quality, or of 
epoxy resins, as in high quality PCBs, with the former being yellow and the latter being green. 
Fiber glass is woven into the mixture, for reinforcement, along with ceramics and Brominated 
Flame Retardants (BFRs). Resins represent around 30% to 50% of PCBs by weight and fiber 
glass between 50% to 70%. There are also slight residuals of metals and solder (Kaya, 2016; 
Zheng, Shen, Ma, et al., 2009; Zheng, Shen, Cai, et al., 2009). 
5.1.2. Rejects upcycling 
From the literature review covering the technologies and practices to handle e-waste, it was 
revealed that the nonmetal fraction of PCBs is mainly discarded after metal extraction. Given the 
fact that the nonmetal fraction constitute around 70% of the PCB (Hu et al., 2018; Kaya, 2016; 
Zheng, Shen, Cai, et al., 2009), discarding represents an unsustainable behavior. Since it would 
generate large amounts of waste to be incinerated or landfilled which is a loss of resources that 
can otherwise be reutilized as part of a circular economy. In an attempt to tackle this problem 
and to approach sustainable e-waste management in dealing with nonmetals according to the 
Cradle-to-Cradle approach , an experiment to assess the possibility of using the nonmetal 
fraction for the production of a polymer composite that can be used as countertops or tiles 
instead of marble is performed. The experiment is in-line with the recent findings which 
suggested the reusing of nonmetals for polymer composites as proved that it improved the 
material properties (Hu et al., 2018; Kaya, 2016; Zheng, Shen, Ma, et al., 2009; Zheng, Shen, 
Cai, et al., 2009). This experiment is based on the molding of the nonmetallic fraction in PCBs 
into a polymer composite at a temperature of 115°C. This is backed up the thermal stability and 
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suitability of the nonmetallic fraction for most molding processes that take place below 323°C 
(Kaya, 2016). 
5.2. Experimental procedures 
5.2.1. Samples preparation 
The collected PCBs from the local market had their electronic components already removed and 
there were traces of acid precipitation on the boards from metal extraction attempts. The quality 
of metal extraction was low with clear metal residues remaining visible by the naked eye. The 
collected boards were in their original shape and did not undergo any breaking, shredding or 
crushing processes. The preparation of the sample was as follows: 
1. The PCBs were shredded into small parts to facilitate their feeding into the crushing machine as 
in Figure 5-1 
 
Figure 5-1: Shredded PCBs in preparation for crushing 
2. The shredded parts were fed into the crusher while using a 2mm sieve, shown in Figure 5-2A, to 
ensure the production of a fine powder of crushed PCBs (Figure 5-2B) 
3. The PCB powder was then mixed with recycled polystyrene powder (Figure 5-2C) with ratios of 
100% PCB powder, 50% PCB Powder: 50% Polystyrene, and 75% PCB powder: 25% 
polystyrene. Each sample mixture was put in a high-speed mixer to guarantee the homogenous 
mixing of the mixture. Each sample weighed 60gm.  
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B
 
C
 
Figure 5-2: (A) 2mm sieve used in the crusher, (B) Crushed PCB powder, (C) Recycled polystyrene powder 
4. The mixture was then molded in a 10cm*10cm mold (Figure 5-3A, Figure 5-3B) and pressed at 
50KN and 115°C (machine shown in Figure 5-3C and Figure 5-3D) for 1.5 hours 
5. The sample was left in the mold to cool for 30 minutes after which the mold was air cooled with a 
fan until reaching a temperature of 50°C then the sample was released from the mold.  
A
 
B 
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C  D 
Figure 5-3: Molding the samples (A) 10cm*10cm mold used, (B) PCB-polystyrene mixture filling the mold, (C) Sample molded at 
50KN and 115°C, (D) Molding machine used 
5.2.2. Material testing 
The produced samples would be tested for their bending strength and abrasion and compared 
with the bending and abrasion properties of marble. For this experiment two types of white 
marble were tested, commercially known in the Egyptian market as Sunny marble (Figure 5-4A) 
and Korimate Marble (Figure 5-4B).  
A B 
Figure 5-4: Tested marble (A) Sunny Marble, (B) Korimat Marble 
5.2.2.1. Bending test 
ASTM D790-17 was used for the bending test using a universal bending machine. The samples’ 
dimensions were not according to standard since the testing was comparative; however, the 
testing protocol such as the feed rate of the machine and the number of samples was done 
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according to standard. Each bending sample had a rectangular cross-section with a depth of 
8.5mm and a width of 10mm. The bar length was 100mm. A three-point bending test (Figure 
5-5) was performed on 5 samples of each ratio and the mean results for each ratio was used in 
the analysis. The strain rate was 0.01mm/mm/min according to ASTM D790-17 which was 
equivalent to a rate of crosshead motion of 1.1 mm/min. The support span was set to be 75mm 
leaving an overhanging of 12.5mm on each side.  
 
Figure 5-5: Three-point bending test on a universal bending machine 
5.2.2.2. Abrasion test    
As for the abrasion test, a comparative test was performed as well. The machine used for the test 
had a metal rotating wheel at a fixed speed of 73 RPM and the material to be tested is positioned 
on top of the wheel in a hub which is connected to a lever carrying a changeable load. The load 
used in the tests is 5 KG and fine sand is fed over the rotating wheel as an abrasive material; a 
picture of the test in progress can be seen in Figure 5-6. 
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Figure 5-6: Abrasion testing machine 
The samples size for the tests were fixed at 4cm*4cm and a thickness of 0.8cm. Each material 
composition is tested two times. The sample weight and thickness were recorded before and after 
the test was carried out and were used to calculate the weight loss and volume loss according to 
the formula (1) and (2) respectively.  
𝑊𝑒𝑖𝑔ℎ𝑡	𝑙𝑜𝑠𝑠 = 𝐼𝑛𝑖𝑡𝑖𝑎𝑙	𝑤𝑒𝑖𝑔ℎ𝑡 − 𝐹𝑖𝑛𝑎𝑙	𝑤𝑒𝑖𝑔ℎ𝑡 (1) 
𝑉𝑜𝑙𝑢𝑚𝑒	𝑙𝑜𝑠𝑠 = 𝐶𝑟𝑜𝑠𝑠	𝑆𝑒𝑐𝑡𝑖𝑜𝑛𝑎𝑙	𝐴𝑟𝑒𝑎 ∗ 𝑡ℎ𝑖𝑐𝑘𝑛𝑒𝑠𝑠	𝑙𝑜𝑠𝑠 (2) 
Both, a digital scale and a digital Vernier were used to ensure accurate readings. All tests were 
executed for a fixed time interval of 5 minutes.  
The parameters for both tests are summarized in Table 5-1.  
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Table 5-1: Summary of testing parameters 
Bending test 
Bar cross-sectional area 8.5mm*10mm 
Bar overall length 100mm 
Test span 7.5mm 
Rate of cross head motion 1.1mm/min 
Strain rate 0.01mm/mm/min 
Tests trials for each composition  5 trials 
Abrasion test 
Wheel rotational speed 73RPM 
Average sample thickness 0.8cm 
Abrasive material Sand  
Test duration per trial 5 minutes 
Changeable load 5KG  
5.3. Results and analysis 
The produced sample was of a thickness of 3.5mm and a density calculated to be 1714 kg/m3. 
Pictures of the produced samples of ratios 50% PCB powder: 50% polystyrene and 100% PCB 
powder can be seen in Figure 5-7. 
A B 
Figure 5-7: Initial produced samples with ratios (A) 50% PCB powder:50% Polystyrene, (B) 100% PCB powder 
The sample made from 100% PCB powder had a greenish color. It had a rough porous surface 
similar to a cork board and was fragile and could be easily broken. Once broken, the sample 
would crumble into powder as shown in Figure 5-8. Therefore, 100% PCB powder material was 
eliminated.  
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Figure 5-8: 100% PCB powder sample after breaking 
 
Using eye inspection of the 2 remaining samples, the 50% PCB powder: 50% polystyrene and 
the 75% PCB powder: 25% polystyrene, the samples had a smooth polished surface and an 
appearance similar to that of tan brown granite. The 75% PCB powder: 25% polystyrene sample 
had a few minor patches of green slightly rough surface around the edges of the sample from the 
bottom. However, it didn’t affect the general appearance nor the consistency of the sample. The 
cross-section and surface appearance of the produced 25% polystyrene sample can be seen in 
Figure 5-9 which also shows the green patches near the edge. 
 
Figure 5-9: Surface and cross-section appearance of 25% polystyrene sample 
Therefore, it was decided that the material samples to be further tested for bending and abrasion 
and compared with marble would be of the ratios shown in Table 5-2. 
Table 5-2: Constituents' ratios of the tested samples 
Sample number PCB powder ratio Polystyrene ratio  
1 90% 10% 
2 85% 15% 
3 80% 20% 
4 75% 25% 
5 70% 30% 
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Figure 5-10 shows the samples tested for both bending and abrasion for the different discussed 
ratios.  
A 
B 
Figure 5-10: Produced samples for the (A) Bending test, (B) Abrasion test with their composition ratios indicated 
5.3.1. Bending test  
The PCB powder-based material exhibited a behavior similar to polymers. The arithmetic mean 
of the bending test results was taken for each 5 samples having the same composition ratio. 
Similarly, the test results from both marbles types were averaged and all results were graphed 
together as shown in Figure 5-11. It is clear from the results that all the PCB powder-based 
composites with various compositions performed better compared to marble. The flexural 
strength, which is the maximum flexural stress, of the 15% polystyrene sample is significantly 
higher than that of the 10% polystyrene sample. However, the rate of increase in the flexural 
strength of samples with the increase of compositions beyond 15% polystyrene is relatively low.  
  83 
The flexural strength of the 10% polystyrene composition, which performed the least during the 
tests, has a three-fold flexural strength compared to that of average marble.  
  
Figure 5-11: Bending test results for the different material compositions against marble 
The bending modulus of the PCB powder-based composites was calculated using the slope for 
the elastic area which is the straight line from the start of the test until the semi-constant plateau. 
The average bending modulus for the different compositions is shown in Table 5-3. The 15% 
polystyrene composition has a better bending modulus than that of 20% and 30%. This suggests 
that according to the bending tests, the 15% polystyrene composition would represent an optimal 
composition with respect to the bending properties achieved.  
Table 5-3: Bending modulus for tested materials compared to average marble 
Material Bending Modulus (MPa) Average Bending Modulus (MPa) 
10% polystyrene 1744 
1773 
15% polystyrene 1757 
20% polystyrene 1638 
25% polystyrene 2008 
30% polystyrene 1716 
Average marble 1431 1431 
As for the semi constant plateau, it is suggested that the slightly increasing slope is due to the 
elongation of the material during bending. 
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5.3.2. Abrasion test 
The results achieved from the abrasion test were extremely promising. The PCB powder-based 
material with the various compositions were barely affected during the test, unlike marble which 
experienced high material loss. The average weight loss and volume loss were calculated for 
each material and are illustrated in the Figure 5-12. The weight loss followed a decreasing trend 
with the increase in polystyrene composition; however, volume loss did not follow the same 
trend. The is due to the nonuniform abrasion of the surface of the tested materials as a result of 
the non-fixing nature of the test. Since the tested sample is not fixed in place but is just 
constrained in its position using the metal hub which allows the material to vibrate vertically 
around a horizontal plane during the test. As a result, any attempt to record the before and after 
sample thickness would be dependent on the side from which the sample is measured leading to 
inaccuracy. For the sake of reliability, the weight loss will be used a point of comparison for this 
test. 
 
Figure 5-12: Abrasion test results for the different material compositions 
The average marble weight loss, which is used a benchmark for the test, was 3.69 grams 
comparing to a range of 0.33 to 0.03 gram for the PCB powder-based material with various 
compositions. The percentage weight loss for all material composition compared to that of the 
average marble is shown in Table 5-4. It is clear that the average marble weight loss percentage 
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is eight folds that of the 10% polystyrene composition which considered to be of least bending 
and abrasion properties. The 30% polystyrene composition has a significantly low weight loss 
percentage compared to all other compositions. 
Table 5-4: Percentage weight loss of the different material compositions compared to the average marble 
Material  Percentage weight loss 
10% polystyrene  1.50% 
15% polystyrene  0.56% 
20% polystyrene 0.36% 
25% polystyrene 0.33% 
30% polystyrene  0.13% 
Average marble 8.87% 
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Chapter 6 : Proposed sustainable guidelines for developing the 
e-waste sector in Egypt 
6.1. Introduction  
Based on the findings from the literature review, the Egyptian laws and policies indirectly tackle 
the e-waste problem. In addition, the lack of enforcement and the absence of a specialized entity 
which handles the entire e-waste management process results in the ineffectiveness of the current 
framework upon which the Egyptian e-waste management system is operating. Therefore, it is 
the aim of this chapter to develop policy and technology recommendations which can help 
improve the Egyptian system. These recommendations are based on the experiences of other 
developing countries which have been suffering from similar e-waste management problems and 
have a similar social and economic structure. For instance, Rwanda, India, Uganda and Ghana 
had their e-waste management dominated by the informal sector. Thus, their recently developed 
guidelines for e-waste management tackled the inclusion of the informal sector into the new 
formalized system(Central Pollution Control Board, 2016a; Environmental Protection Agency, 
2018; Government of Uganda, 2016; National E-Waste Management Policy for Rwanda, 2016). 
Moreover, the policy recommendations fulfill the guiding principles mentioned in the white 
paper published by StEP initiative (Smit et al., 2016). The paper highlighted ten principle for an 
effective e-waste management system. These principles are concerned with the collection and 
recycling framework, EPR programs, financing, enforcing and auditing the system, inclusivity of 
existing informal sector, transparency of the system and creating awareness among all 
stakeholders and consumers. The recommendations also fulfill the sustainability pillars, 
environmental, social and economic. The recommendations prioritize reuse over the material 
recovery, and both are prioritized over landfilling and incineration. From the social perspective, 
the recommendations create jobs and reduces the impact of the formalization on the informal 
sector as well as helping protect their health and safety through following the correct practices 
and using protective equipment. Economically, the recommendations establish the recycling 
industry as a separate sector and encourage investment.    
  87 
6.2. Policy recommendations 
6.2.1. Define e-waste covered by the policy/law/regulation 
The scope of this study is only electronic waste; that is any device that has a printed circuit board 
with integrated circuits such as computers, laptops, mobile phones, tablets, digital watches, 
videogames, printers, scanners, etc. Thus, this study does not include electrical household 
equipment like refrigerators, freezers, vacuum cleaners, toasters, etc. This electrical equipment, 
which is not included in the scope of this study and in the proposed guidelines, would remain 
uncovered by an explicit policy and has to be addressed as well. 
The clear definition of the scope of the policy helps define the gaps still existing in the laws to be 
tackled in the future as well as increases the efficiency of and effectivity of implementing the 
existing policies through cracking down on loopholes, which can be used to evade the policy. 
6.2.2. Define aim of the policy/law/regulation 
A clear definition of the objectives of the policy/law/regulation helps assess the gaps and impacts 
related to the developed policy. The scope of the policy recommendations in this study aims to 
establish a sustainable e-waste management system in Egypt. The system should reduce the 
environmental impact of e-waste, contribute to decreasing the country’s carbon footprint and 
create green jobs as part of a green circular economy. This would be achieved through the 
collection and treatment of electronics on the market at their EOL and minimize the overall 
waste going to landfills. 
6.2.3. Define the repercussions for noncompliant stakeholders 
Having defined and strictly enforced repercussions is vital to the success of any policy. 
Repercussions can be legal or financial. Legal repercussions can be shutting down noncompliant 
businesses, taking businesses to court, banning them from operating in certain regions or even at 
extreme situations jailing of noncompliant business owners. Financial repercussions can be 
paying fines or higher taxes, reducing tax cuts or abolishing exemptions or paying the cost of the 
damage done due to noncompliance. A combination of both legal and financial ramifications can 
prove effective.  
In addition to the definition of penalties, defining the enforcing bodies for these penalties and 
requiring constant reporting in addition to regular auditing is essential to an effective policy.  
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6.2.4. Define Responsibilities of all stakeholders involved 
A stakeholders’ assessment at the beginning of the of policy/law/regulation formulation is 
critical in order to define the stakeholders who will be involved in the policy and consider the 
impacts the policy may have on each of them. This helps anticipate the possible points of 
argument and resistance from these stakeholders and facilitates tackling these points in advance. 
In addition, defining the stakeholders allows a clear role distribution of each stakeholder 
involved hence increasing the effectivity of the policy/law/regulation. In this study, the 
stakeholders were defined earlier during the data collection phase and summarized in Chapter 3 
in Figure 3-1.  
Regarding the key responsibilities of each stakeholder, they are defined below. It is important to 
note that an entity, individual or a business may perform the role of multiple stakeholders. For 
instance, a business may be producing computer parts, importing components needed and owns 
its retail shops which they use as collection points and then performs the roles of collection 
centers and dismantlers before sending the disassembled products to the recycling facility. 
Therefore, an entity performing multiple roles can only do so after they acquire all the relevant 
authorizations and licenses from the responsible government bodies to comply with the 
responsibilities of all the stakeholders whom they are performing their roles. 
6.2.4.1. Responsibilities of retailers/ manufacturers/ importers/ 
dealers  
1. Implement or participate in an EPR program through a government authorized PRO organization 
2. Collecting their produced or imported e-waste and delivering it to only authorized collection centers, 
dismantlers or recyclers 
3. Creating awareness about the problems associated with untreated and unsafely handled e-waste as 
well as about the collection and treatment schemes they offer for their products  
4. Facilitate the collection and treatment of their products through communication channels such as 
emails, tollfree numbers and documentation of the collection points available for their products as 
well as the recycling facilities they will deal with 
5. In case of absence of a recycling facility for their products, importers, manufacturers, dealers or 
retailers are required to establish their own facilities to recycle their products  
6. Provide the needed information on the hazardous materials included in their electronics and the 
proper handling process for the devices and their components at their EOL including instructions for 
safe dismantling 
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7. All their electronic products must have visible indelible labeling indicating that this has to be safely 
handled and should not end up in the municipal waste streams 
8. Manufacturers should encourage the usage of recycled materials in their products 
9. Calculate the estimate needed ARF for their products based on the expected lifespan of their products 
and get it approved from the PRO 
10. Records of e-waste generated from their products must be properly documented and reported to the 
PRO and the MoEA 
11. All their electronics must be registered in a database specifying the details of the product and whether 
an ARF has been paid for it or not. This database has to be shared with service centers and 
refurbishers to allow them to provide service to only complying electronics. 
12. Importers and local manufacturers are required to provide and fund recycling schemes for their older 
electronics which were put on the market before the introduction of their EPR programs to avoid 
being fined for improper waste handling of their EOL products. 
6.2.4.2. Responsibilities of collection centers  
1. All collection centers must keep record of all received, stored, handled and transported e-waste. In 
addition, records of the entities receiving the collected e-waste, refurbished e-waste and organizations 
and businesses generating the e-waste must be kept.  
2. Collection centers must safely store collected e-waste especially the hazardous components like 
batteries 
3. Storage areas must be clearly labelled, well covered and secured 
4. Safe transportation of the collected e-waste to only authorized dismantlers or recyclers is a must 
5. Clear labelling of all stored or transported components and equipment 
6. Collection centers must accept all types of e-waste defined regardless of the brand 
7. Using the shared database from retailers, manufacturers, importers and dealers, collection centers 
would return the refundable part of the ARF if applicable 
8. Ensure no damage is caused to the collected e-waste to allow for them to be reused or refurbished 
9. Collection centers are to erase the data from all devices permanently to encourage consumers to 
participate in the collection schemes 
10. Data storage devices (hard disks, thumb sticks, etc.) are to be recycled and not refurbished to ensure 
the data security of their previous owners 
11. Collection centers must specify the maximum capacity for their center to allow estimation of the 
needed dedicated collection centers to accommodate the expected generated quantities  
  90 
12. Large retailers and retail chains are to be considered as collection centers and must seek the required 
licenses; they should collect any electronic dropped by the consumer as long as they are defined as e-
waste 
13. For collectors from the informal sector, they only need to acquire a collection license and get 
registered as a certified collector in a PRO to be able to continue to operate. The registration will 
require them to report the collected and handled amounts as in the case of a collection center. 
14. Manufacturers, dealers, importers or retailers may contract with registered collectors from the 
informal sector to provide Door-to-Door collection or other types of collection as a part of their EPR 
program 
6.2.4.3. Responsibilities of refurbishers and service centers 
1. Service centers must not provide any service or maintenance to devices that are not registered in the 
shared database until they are registration and their ARF is paid by the consumer. For instance, 
cellular service providers would refuse to operate a phone that is not registered in the database until 
its owner registers and pays the specified ARF 
2. Register non-registered devices before reselling them. Their new owners must pay an ARF  
3. Second-hand stores handling electronics are to be considered as refurbishers and service centers and 
thus, must comply with the regulations put for refurbishers and service centers 
4. Follow safety regulations in handling the received devices 
5. Erase data permanently from all devices received for their EOL using physical punching of the 
storage device  
6. Keep accurate records of the electronics received, their status and the handling process for each 
electronic device and component and regularly report to the PRO and the MoEA 
7. Storage areas must be clearly labelled, well covered and secured  
8. Clearly label all stored or transported electronic components and equipment 
6.2.4.4. Responsibilities of dismantlers  
1. Safe handling of all received electronics  
2. Perform testing on components and electronics at each phase of dismantling to separate reusable from 
non-reusable components and parts. 
3. Separate and safely store and transport handled components to authorized recyclers only 
4. Clear labelling of all stored or transported components and electronics 
5. Have enough secured and well covered storage area to accommodate storage of electronics and 
dismantled components a specified amount of time (ex.180 days) 
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6. Specify the dismantling center capacity to allow estimation of the needed centers to accommodate the 
expected generated quantities 
7. Perform pretreatment beyond dismantling only if authorized 
8. Comply with environmental and safety regulations including providing PPE to workers, installing air 
and water pollution control, dust control and noise control systems and ensure proper ventilation of 
the dismantling facility 
9. Keep accurate records and report to the PRO and MoEA the type and quantity of e-waste received, 
dismantled, transported, sent for landfilling, exchanged, stored or sent for recycling. In addition to 
keeping record of the receiving entities of each component transported out of the facility. 
10. Ensure safe landfilling of nonrecyclables in authorized landfills only  
11. Participate in waste exchange programs 
6.2.4.5. Responsibilities of recyclers 
1. Comply with environmental and safety regulations including providing PPE to workers, installing air 
and water pollution control, dust control and noise control systems and ensure proper ventilation of 
the recycling facility 
2. Participate in waste exchange programs for byproducts and materials not handled by the recycling 
facility  
3. Keep accurate records and report to the PRO and MoEA the quantities and types of e-waste received, 
recycled, and materials recovered from recycling, waste and byproducts produced, stored, exchanged 
or landfilled 
4. Ensure landfilled waste is sent to only authorized landfills  
5. Wastes to be landfilled must not have an alternative usage or recycling method and cannot be 
exchanged in any waste exchange program 
6. Report landfilled wastes and byproducts to the PRO and MoEA to help define gaps and find 
alternatives 
7. Clear labelling of all stored or transported materials  
8. Have a wastewater treatment facility on-site or contract with an off-site facility which can handle the 
generated volumes and the responsibility of safe transportation is on both parties 
6.2.4.6. Responsibilities of local government/ MoEA/ WMRA 
1. Recognize the recycling industry as a separate industry 
2. Assist and facilitate the formalization of individual informal handlers and recyclers under a collective 
facility  
3. Provide tax incentives for the industry including tax cuts and subsidies 
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4. Provide special financing programs for the micro, small and medium recycling businesses 
5. Facilitate the obtaining of land needed for dismantling or recycling facilities in industrial areas 
through leasing and lease-to-buy contracts 
6. Include dismantling and recycling techniques and methods into vocational schools to introduce 
calibers to the industry 
7. Spread awareness about e-waste, its safe handling practices and safety hazards asscoaited with 
improper handling through awareness campaigns and inclusion in educational curricula 
8. Audit PROs, importers, dealers, recyclers, dismantlers and landfills  
9. Issue authorization for the different entities to operate in the sector only after participating in a PRO 
10. Stop operating licenses of all manufacturers, importers, retailers and dealers who do not have an EPR 
program for their electronics 
11. Set recycling and handling targets for both handlers and e-waste generators 
12. Customs must collect and keep record of detailed data about imported electronic products including 
the constituting materials and quantity of products and ensure they are covered by an EPR scheme 
before clearing the imported goods 
13. Refuse entry to any devices that are not registered by their importers in an authorized recycling 
scheme  
14. Monitor local and international donations of electronic devices to ensure electronics are functional, 
and that they reach their recipients without ending up as e-waste. In addition, ensure these donated 
electronic devices are registered for recycling at their EOL to avoid using donations as a method for 
recycling evasion  
15. Issue list of authorized dismantlers, collection centers, PROs, recyclers and landfills as well as waste 
exchange programs and their participants to ensure transparency and ease of access to information 
16. Ensure there are enough facilities to recycle the generate waste and encourage the establishment of 
new facilities that handle different materials and products 
17. Establish Egypt as a regional recycling facility to ensure economies of scale for the establishment of 
state-of-the-art recycling facilities 
6.2.4.7. Responsibilities of Producer Responsibility 
Organizations (PROs) 
1. Handle the collected funds from importers, manufacturers, dealers, retailer as well as the ARF 
collected from consumers 
2. Organize and handle the financing of the recycling expenses for participating entities such as 
dismantlers, recyclers or collection centers 
3. Provide trainings for the workers in the recycling sector 
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4. Audit facilities to ensure applying the law and the well usage of provided recycling funds 
5. Collect recorded data from producers, importers, dismantlers, recyclers, landfills and all participants 
in waste exchange programs  
6. Audit facilities to ensure health and safety of the workers, availability of PPE and the 
environmentally sound operations 
7. Handle the waste exchange programs, promote them and partner with other industries to form a wide 
network of participants benefiting from the program   
8. Ensure all participating producers, importers and dealers have EPR programs for all their products 
and report noncomplying parties to the ministry for fines and legal persecution 
9. Monitor the overall e-waste management process from the collection to recycling and landfilling to 
ensure the sound management of products  
10. Provide and handle collective EPR programs for producers, importers, dealers or retailers willing to 
transfer their extended responsibility to a specialized entity in return for a premium fee separate from 
the ARF 
11. Provide the needed information for recyclers and handlers about BAT in the recycling industry 
12. Fund and sponsor research for improving the recycling processes and its sustainability 
13. Audit and approve the ARF proposed by the producer, importer, dealer or retailer to ensure it covers 
the recycling cost 
6.2.4.8. Responsibilities of consumers 
1. Consumers include organizations, businesses, individuals and entities that purchase, or own electronic 
devices defined earlier 
2. Consumers must dispose of their electronics at their EOL to only authorized collection centers, 
refurbishers or recyclers  
3. If consumers purchased electronic devices abroad and were not registered in the Egyptian recycling 
database, the consumer must register their electronic device and pay the estimated ARF in order to be 
able to receive maintenance or service from service centers for their device and cover the cost of 
recycling at EOL  
6.2.5. Define framework for EPR programs 
1. EPR programs can be implemented by individual producer, importer, dealer or retailer for their 
products or otherwise be collective between multiple producers, importers, dealer or retailers. In case 
of collective schemes, all participants are held responsible for the implementation of the scheme and 
the safe handling of the electronic devices 
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2. The EPR program may be based on an ARF or a pay-on-disposal fee. An ARF must at least be 
partially refundable to the consumer in order to distribute the cost of recycling between the producer 
and the consumer with much of the cost on the producer. EPR programs may have the fees paid by 
the consumers fully refundable conditional to the producer covering for the entire recycling cost   
3. Consumers purchasing new electronics and returning their older electronics to the same retailer are to 
be exempted from the new ARF and may be offered credit from the retailer, producer, importer or 
dealer as part of the EPR program 
4. An EPR program must include a waste exchange program for the recycled materials and byproducts  
5. EPR programs must be structured in a way to facilitate and ensure the accurate recordkeeping of the 
generated quantities of e-waste collected  
6. An EPR program must be registered under an authorized PRO or a new PRO can be established, and 
relevant authorizations and licenses are to be obtained  
7. The EPR program must be approved by the PRO. This includes reviewing and approving the price 
estimates for the recycling and handling of product ensuring the cover the operational costs of the 
collection centers, dismantlers and recyclers. The decision is taken based on consultation with experts 
and professionals in the recycling industry to ensure sufficient funds are collected 
6.2.6. Define framework for PRO 
1. PROs would have a Quasi-governmental status to ensure neutrality and effectiveness 
2. A PRO must have on its steering board representatives of all stakeholders included in the e-waste 
management cycle on their steering committee including a governmental representative 
3. The establishment of PROs can be product-based with each electronic product category having its 
PRO or based on groups of producers, importers, dealers and retailer having various electronic 
products 
4. Operation costs of the PRO are funded by the participating producers, importers, dealers and retailers  
5. Any profit generated by the PRO as part of the EPR programs handled must be ploughed back into 
financing the PRO operations and the EPR programs 
6.2.7. Develop partnerships and establish Egypt as regional treatment 
center 
Partnerships between different industries and businesses would foster the waste exchange 
program and widen the network among which produced byproducts and nonrecyclables from e-
waste recycling can be traded. This would in turn contribute to the green circular economy and 
increase the efficiency of material utilization. In addition to partnerships among industries, 
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partnering with international pioneers in the e-waste recycling sector to exchange knowledge on 
the BAT as well as to boost foreign investments in the sector would help develop the e-waste 
recycling sector in Egypt. 
Since e-waste handling and management is still in its enfant stage, not only in Egypt but in the 
entire Middle East and Africa region, establishing the sector in Egypt and positioning Egypt as 
region treatment center which handles and recycles the e-waste generated in the region would 
create economies of scale for the existing investments in the sector and encourage the 
establishment of new state-of-the-art facilities to take advantage of the huge economic potential 
in the underdeveloped sector.   
6.2.8. Define and facilitate alternatives for items and materials that 
cannot be recovered, reused or recycled locally 
Defining a problem is the first step to addressing it. Hence, it is essential to define the e-waste 
streams and materials which cannot be handled in Egypt at the moment; whether due to the 
absence of facilities treating these materials and components or because of the lack 
commercialized treatment technologies which can be used to safely handle these streams and 
materials. As a result, it is important to introduce the e-waste policies in phases and update them 
regularly based on the new state of the industry in Egypt as well as the availability of new 
technologies tackling challenging materials and streams. For instance, currently Egypt has no 
facility which can treat LCDs, thus it would be a lost opportunity not to export this stream until 
the assessing the feasibility of a treatment of facility of LCDs in Egypt and establishing it. These 
unrecyclable streams and materials must be defined, and policies need to embrace alternative 
solutions, in-line with international conventions, to the local treatment of these materials.  
6.2.9. Orphaned and imported devices by the customer 
Orphaned electronics are those whose producing companies, importers or dealers are no longer 
in business and thus cannot be held responsible for their products already on the market. These 
types of electronics as well as those which were bought from abroad by individual citizens pose a 
challenge to the e-waste handling sector. Since these electronics are not registered in databases 
and no ARF or disposal fee was paid to cover for their safe disposal. It is essential to integrate 
these types of electronics in any e-waste management policy. The cost of collection and 
treatment of orphaned and imported electronics should be distributed among the existing EPR 
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programs according to the market share of each producer, importer or dealer. Incentives to 
producers, importers and dealers to handle and fund these types of electronics can also be an 
effective way to encourage the safe handling of these electronics.    
6.2.10. Define interrelations between each stakeholder in the e-waste 
management system 
The complexity of the e-waste ecosystem in Egypt and the interwind relations among the 
stakeholders can result in some responsibilities being shared among various stakeholders. It is 
important to define these relations and to hold all parties involved accountable. For instance, 
some stakeholders may prefer to have a third-party handle their EPR programs. However, it is 
the stakeholder’s responsibility to ensure and audit the compliance of the entity working on their 
behalf as both would be held responsible for noncompliance.  
6.2.11. Establish a grading system to encourage proper handling and 
compliance 
Grading systems are an effective alternative to financial incentives. They can be used to as a PR 
method by businesses or to promote dealing with entities with higher rankings. A grading system 
for e-waste management can be used to grade handling and treatment facilities, producers and 
importers as well as businesses and organizations which safely handle their generated e-waste. 
The grading criteria for the system can be based on the following:  
• Accurate recordkeeping and reporting 
• Compliance with environmental laws 
• Compliance with international standards and acquiring international certifications 
• Proper handling of e-waste  
• For businesses and organizations generating e-waste, the rating of the handling facilities and 
partners they deal with 
• The system can be connected to the amount of tax cuts the organization or business receives  
6.3. Technical guidelines 
Policies pave the road to establishing a system. However, proper understanding of the best 
practices to apply these policies practically is crucial. Based on the roles defined in the proposed 
policy guidelines, a sustainable e-waste management system was developed for Egypt. The 
system is based on the 7R concept, Regulation, Reduce, Reuse, Recycle, Recover, Rethink and 
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Renovate  (El-Haggar, 2007). The system starts with proper collection according to the 
previously mentioned responsibilities of collectors and is then followed by testing. The 
significance of testing as part of a sustainable system is that it promotes reusability of working 
devices and components instead of being lost in the recycling process. Products and devices 
which cannot be reused or refurbished would then be sent for disassembly as a pre-processing 
before upgrading. During the disassembly phase, testing of the disassembled components is also 
performed to allow the reusability of functioning components. In addition, the disassembly phase 
would also decontaminate the collected e-waste by removing and separating hazardous 
components. The upgrading phase promotes for recycling and material recovery and it includes 
the mechanical processing and hydrometallurgy to produce streams of similar materials such as 
metals and non-metals or ferrous metal, non-ferrous metals and non-metals which can then be 
reintroduced as raw materials for new products. A visual representation of the proposed system 
is shown in Figure 6-1. The figure does not include the landfilling and energy recovery of 
rejected materials which are still unrecyclable as the phase is discouraged and argued against its 
sustainability. The different phases are further discussed below in details. 
 
Figure 6-1:  Proposed sustainable handling process of e-waste in Egypt 
6.3.1. Collection  
Authorized collection centers and collectors are to collect products from end users and based on 
the EPR program return the part of the ARF if applicable to the user. For informal collectors, 
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after registering for authorization, they should deliver their collected products to an authorized 
collection center or to their own authorized collection centers, if applicable, to erase all data on 
the devices by physically punching the storage devices.  
6.3.2. Testing 
The collection center would then test all collected products to sort them into two streams, 
functioning or reusable and non-reusable products. The reusable products are sent for 
refurbishing centers to be maintained and repaired before being resold. Non-reusable products 
are safely stored and transported to dismantling facilities or dismantled by the collection center, 
if authorized. 
6.3.3. Disassembly 
The disassembly center would disassemble parts and separate them into various streams. Initially 
separation would be into hazardous and nonhazardous components.  
Examples of hazardous components are components containing flame retardants such as some 
capacitors and plastics. In addition, batteries and accumulators are to be removed from the 
products and safely stored to avoid leakage or explosion until being transported to the recycling 
facility. In the case of printers, toners and cartridges should be removed and separated. 
The second separation phase would be into components of similar material composition. For 
instance, all PCB are to be removed from the products and collected together. Any components 
mounted on the PCB should be de-soldered and removed leaving the PCB as a flat metal coated 
board ready for crushing at the recycling facility. All electric wiring and cables are to be 
removed, peeled and collected together to be sent to copper smelters. 
The disassembled components are then tested for the reusability. Functioning or reusable 
components are resold, while non-reusable components are safely stored and transported to 
recycling facilities for further processing and treatment. 
6.3.4. Mechanical processing 
This phase can be divided into two consecutive sub-phases. The aim of mechanical processing 
phase is to prepare the materials for extraction and refinement to allow for their reintroduction 
into industries as raw materials.  
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The first sub-phase of mechanical processing aims to reduce the size of the disassembled 
components to facilitate their further treatment or transportation to a recycling or material 
recovery facility. Size reduction can be carried out using hammering, crushing or shredding 
depending on the component and the targeted particle size. For the proposed system in Egypt, 
hammering or shredding are to be performed first then a grinding step would follow. Precaution 
should be taken when grinding to avoid the agglomeration of particles which negatively affects 
the efficiency of the system.  It is important to reduce the size components consisting of similar 
materials together to ease the material separation in the next phase. For instance, components can 
be initially separated into plastics, metals, ceramics and fiberglass. Afterwards, each stream can 
undergo size reduction separately. If further classification of the streams can be achieved before 
size reduction, then this classification is recommended as it will improve the efficiency of 
material separation in the following sub-phase. Further classification can be for plastics into 
flame retardant containing plastics and normal plastics or for metals into copper, aluminum and 
iron. It is important to note that the initial separation into material streams would not produce 
pure materials but is merely a pre-process for the following phases.  
The second sub-phase is the separation of component materials. In this sub-phase, various 
methods can be used to achieve material separation. Based on the literature review, an optimal 
mechanical separation process was developed. Each of the initially produced material stream, 
which was reduced in size, would enter the mechanical separation processes in this sub-phase 
separately.  
The process starts with a two-stage magnetic separation phase, low field followed by high field, 
to separate the ferrous metals from the nonferrous and nonmetals. The produced material streams 
would be an iron-nickel based mixture with impurities of other ferrous metals and a nonmetal-
nonferrous metals mixture. The nonferrous metals mixture would contain mainly copper, 
aluminum and precious metals like gold. As for the nonmetal mixture, it would contain mainly 
plastics or fiberglass depending on the original stream entering the magnetic separation phase. 
Both produced streams from the magnetic separation phase may include cross-stream impurities. 
The ferrous mixture would then be sold to steel industries as raw materials for further 
refinement. 
As for the nonmetal-nonferrous mixture, it would be introduced to a gravity separation phase 
using waterflow tables which efficiently separates nonmetals from metals. Waterflow tables 
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eliminate the need for air filtering systems during the process however, the produced water from 
separation has to be treated and reused in the process to reduce the environmental impact of the 
system. The produced material streams from the gravity separation phase would be nonferrous 
metals and nonmetals streams. The non-metals stream produced from the gravity separation 
would then be taken for recycling depending on the materials contained. For fiber glass and 
resins constituting a PCB, these are considered rejects and would go directly to the upcycling 
phase. As for plastics, depending on their initial separation, clean plastics would be recycled and 
flame retardant containing plastics would undergo energy recovery as they are hazardous. 
Regarding the metals stream produced from gravity separation, they would then be introduced to 
an electrostatic separation phase using eddy currents. The phase produces aluminum, inorganic 
impurities and copper mixture containing precious metals. An additional electrostatic separation 
phase using triboelectric or high-speed and voltage corona separation can be added for improved 
purity of the produced streams. The choice between triboelectric or corona is decided based on 
the entering stream and the required material to be extracted. Triboelectric is preferred for metal 
streams and corona is proffered for nonmetal streams. The aluminum produced from the 
electrostatic separation would be sold to aluminum industries as raw materials while the 
inorganic impurities would be upcycled using the same method used for the fiberglass and 
ceramics. The remaining copper-precious metals mixture would then undergo refinement using 
hydrometallurgical techniques. 
6.3.5. Hydrometallurgical metal recovery 
Hydrometallurgy is chosen over pyrometallurgy as it is less costly and requires no special 
equipment making it more suitable for small and medium businesses handling intermitted 
supplies of e-waste. The copper and precious metals extracted from the mechanical processing 
phase would be separated and purified into their respective raw materials using cyanidation 
process. However, it must be obligatory for all recyclers performing hydrometallurgy to have a 
cyanide treatment phase using SART method, which was previously covered in detail in the 
literature review. This would make the phase more environmentally friendly and cost efficient, 
thus ensuring the sustainability of the e-waste management system.  
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6.3.6. Rejects recycling and upcycling 
The entire e-waste system produces byproducts, wastes and rejected materials at each phase. In 
order to mitigate the effect of these produced wastes, it is important to implement the waste 
exchange program across industries. For instance, the SART method produces gypsum which 
can be used by cement industries. The contaminated plastics and thermoplastics can be used as 
fillers by chemical industries such as paint and concrete while the clean plastics and thermosets 
can be pelletized and used in plastic industries.  
The fiberglass from PCBs after extracting the metals can be upcycled into tabletops or tiles 
which can be used as an alternative to marble. The grinded fiberglass when mixed with 20% 
polystyrene and molded under pressure and temperature can produce a material of higher 
abrasion resistance and bending strength compared to marble.  
A summary for the material flow during the different phases of e-waste management and 
material recovery is shown in Figure 6-2. 
6.3.7. Prioritization of materials to be handled  
Given the wide variety of materials which are included in e-waste, which vary in both their 
economic value and toxicity level, it is important to prioritize the materials to be handled. 
Materials included in e-waste can be classified according to toxicity into two categories, high 
toxicity and medium and low toxicity. As for their economic value, they can be categorized into 
materials of high economic value and materials of low economic value. For better visualization 
of the different materials and the categories they belong to according to their toxicity and 
economic value, a four-quadrant matrix can be used, as shown in Figure 6-3.  
Materials having high economic value are usually the materials targeted by the recyclers and 
pose the least problem to the e-waste management system. On the other hand, materials which 
have high toxicity and low economic value such as BFR containing plastics and fiber glass from 
PCBs are the most challenging. Since recyclers are the least interested in these materials and 
usually end up as rejects being landfilled, dumped or disposed of in open streams. These 
materials should be given the highest priority in handling the materials included in the generated 
e-waste. As for the remaining materials the priority should be set as: 
1. High toxicity- low economic value 
2. Low toxicity- low economic value 
3. High toxicity- high economic value 
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4. Low toxicity- high economic value 
The reason behind assigning this priority sequence is because, low economic value materials are 
the least appealing to the recyclers and thus needs to be incentivized by the government to attract 
recyclers. However, high value materials would need the least intervention since recyclers are 
already targeting these materials for their significant profit. Thus, the attractiveness of high value 
materials and the profits generated from their handling can be used to self-finance their handling 
system in addition to provide funds for the materials of lower economic value, hence establishing 
an overall self-sufficient e-waste handling system which needs limited external financing and 
intervention. 
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Figure 6-3: Matrix for economic value and toxicity level of materials included in e-waste
     
Chapter 7 : Conclusion 
This thesis has defined and validated the current e-waste status in Egypt. Given the unregulated 
nature of the e-waste sector in Egypt, it is heavily dominated by the informal sector that follows 
primitive practices and manual techniques to handle the collected e-waste. This leads to loss of 
economic opportunities and wasting resources in addition to posing environmental and health 
hazards to handlers and workers involved in the sector and residents living near e-waste handling 
areas. 
The situation assessment also revealed that there is a lack of a tracking system of the generated 
amounts of e-waste in Egypt which contributes to uncertainties and inefficiencies in enforcing 
the current environmental regulations and laws in place.  
The thesis has also attempted to assess the feasibility of establishing an e-waste recycling 
industry in Egypt. Based on the literature and the responds of the interviewed experts involved in 
the e-waste sector in Egypt, preliminary estimations of the generated volumes reveal a great 
potential for businesses starting in the e-waste recycling sector.  
Moreover, the interviews have managed to define the other problems facing e-waste sector in 
Egypt and propose solution which were used in the developing of the proposed guidelines. The 
main outcomes and recommendations concluded from the interviews can be summarized as 
follows: 
1. The need to clearly define products which are considered e-waste 
2. It is essential to require businesses and consumers to safely dispose of their e-waste products and 
perform frequent auditing on businesses to ensure e-waste reaches the authorized recyclers 
3. Establishing PROs which would handle the auditing, reporting, finances, and research for the e-
waste management sector in Egypt as well as the organized collection of e-waste from both 
businesses and households through the establishment of EPR and takeback programs 
4. Regulating the transportation of collected e-waste to allow for their reusability and avoid damage 
during transportation 
5. Enforce a detailed reporting system of all e-waste generated from both private and public sector 
as well as e-waste handled by the authorized recyclers to establish a proper tracking system of 
waste in Egypt 
6. Incentivize the recycling sector and offer finances to those willing to start recycling business in 
Egypt and sponsor them until they are well established  
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7. Treat recycling industries as a separate industry instead of including them with other types 
industries such as mining industries  
8. Preparing experienced calibers in the safe handling of e-waste, through training or including 
recycling methods and techniques in vocational schools. This would allow the smooth integration 
of the informal sector into the formal sector 
9. Restructure the WMRA to enable it to not only audit but enforce the environmentally sound 
practices 
10. Limiting exportation of e-waste to items which cannot be recycled in Egypt until the 
establishment of local recycling facilities for them 
11. Establish Egypt as a regional e-waste recycler to take advantage of the absence of any recycling 
facilities in the region and the low labor costs in Egypt  
12. Heavily audit the recycling facilities to ensure the safe and healthy environment for the workers 
as well as the safe and environmentally sound handling of e-waste 
13. Encourage and sponsor research for commercial and environmentally friendly metal recovery and 
e-waste recycling techniques 
14. Starting a waste exchange program across industries in an attempt to establish a green circular 
economy in Egypt and benefit from all rejects and byproducts produced from e-waste recycling  
15. Providing hazardous landfills and incinerators for rejects to avoid open burning or dumping 
In addition, the conducted questionnaire showed wide acceptance and consumers’ willingness to 
participate in e-waste recycling programs. The questionnaire also revealed key features of the 
Egyptian consumer behavior which helped propose possible structure for EPR programs in 
Egypt. Key outcomes from the questionnaire are: 
1. The general level of awareness in Egypt about the impacts of e-waste is relatively low standing at 
61%. Since awareness impacts the e-waste management practices of households, there is a need 
for a nation-wide awareness campaign about the impacts of the unsafe disposal of e-waste and the 
importance of e-waste generated by households reaching recyclers in order to close the cycle and 
benefit both the individuals and the country financially, as well as the environment. Awareness 
campaigns should focus more on the age groups which exhibited the highest tendency to store 
their products over reselling or disposing of them; i.e. younger age groups. 
2. There is a wide support base regarding the implementation of EPR and takeback programs in 
Egypt suggesting their success if implemented. Especially that the second most common practice 
in Egypt regarding e-waste is reselling. 
3. The structure of EPR and takeback programs is key to their success. The structure should take 
into consideration the following listed points: 
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- EPR and takeback programs should be handled by the private sector and not the government, 
inferring the need for the establishment of a PRO to manage and audit these programs 
- Programs should include certified data destruction methods, such as physical destruction of 
storage devices, to ensure the privacy of end-users and encourage households, who opted for 
storing over reselling or disposal of their electronics due to their fear for their privacy, to 
participate. 
- The disposal fee should be paid in advance by consumers when buying their products as an 
Advanced Recycling Fee (ARF) and returned to them at disposal collection points. This acts 
as an economic incentive to encourage households to safely dispose of their electronics.  
- It is suggested that the ARF is partially refunded to consumers at disposal collection points in 
order to distribute the financial burden between consumers and producers. Especially that the 
presence of a disposal fee gravely affected the approval rates of the participants for EPR and 
takeback programs. 
To ensure fulfilling the Cradle-to-Cradle approach, the thesis experimented the possibility of 
upcycling the rejects from PCB recycling, a major source of rejects from the recycling of e-waste 
streams, to replace the material loss with the creation of a green business opportunity. The 
material produced is a PCB powder-based composite and was tested for both bending and 
abrasion to assess the applicability of using it as an alternative to marble as tiles or tabletops. The 
bending and abrasion tests have revealed the favorable material properties for the PCB powder-
based composites over average marble. Given the ease of preparation of the material and the 
minimal requirement for skilled labor and expensive equipment, this material offers a promising 
green upcycling solution for the rejects generated from the PCB metal extraction process. This 
not only positively impacts the environment by decreasing the amount of waste reaching landfills 
and incinerators, but it also helps in creating green jobs for the local community and generates 
profit to the local economy. From a commercial point of view, the 20% polystyrene composition 
would be more marketable. Since it is having significantly fewer green patches, which makes it 
aesthetic. 
The above findings and recommendations were used to develop the proposed guideline for 
sustainable e-waste management in Egypt. The guidelines had the Cradle-to-Cradle approach at 
its core which encouraged improved utilization of materials and resources, the establishment of a 
green circular economy in Egypt and created green jobs to the local communities. The proposed 
guideline has also diverted most of the managing, auditing and tracking burden from the 
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government to the PROs to ensure efficiency and decentralization. With the improved auditing 
and recordkeeping of the generated and managed e-waste in Egypt, making informed decisions, 
updating policies and enforcing laws on noncompliant parties is facilitated. In addition, the 
guidelines proposed an optimized e-waste management cycle and the use of treatment 
technologies that fit the Egyptian business ecosystem, integrate and formalize the informal sector 
into the sector as well as mitigate the environmental impact of the generated e-waste volumes 
and the byproducts from their treatment. The main points covered in the developed guidelines 
highlighted in Table 7-1 which also compares the points covered to those included in the 
different guidelines globally.  
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Table 7-1: The main points covered in the proposed guideline for Egypt compared to the other global guidelines in place 
 EU 
regulations 
African 
countries  
Southeast 
Asia 
Proposed 
guidelines for 
Egypt  
Define e-waste categories ✓	
 
✓	
 
✓	
 
✓	
 
Define clearly the 
stakeholders’ 
responsibility 
✓	
 
✓	
 
✓	
 
✓	
 
Define the interrelations 
between the stakeholders 
 ✓	
 
 ✓	
 
Defines the financial 
responsibility for 
recycling 
Producers 
only 
Producers only Producers 
only 
Unevenly split 
between consumer 
and producer 
Set targets for collection 
and recycling 
✓	
 
✓	
 
  
Mandates EPR programs ✓	
 
✓	
 
✓	
 
✓	
 
Establishes PROs  ✓	  ✓	
Include reporting and 
tracking  
✓	
 
✓	
 
 ✓	
 
Includes incentives to 
recyclers 
 ✓	
 
 ✓	
 
Includes incentives to the 
consumers to return 
their products 
 Depending on 
the EPR 
program  
 ✓	
 
Encourages research to 
advance the recycling 
industry 
   ✓	
 
Establishes a waste 
exchange program 
   ✓	
 
Formalizes the informal 
sector 
Not 
Applicable 
✓	
 
✓	
 
✓	
 
Prioritize Re-use over 
recycle and recovery 
✓	
 
✓	
 
 ✓	
 
Sustainable use of 
resources according to 
Cradle to Cradle 
approach 
   ✓	
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Appendix A: In-depth interviews  
 
• Collection and transportation:  
• الجمع والنقل:	
Do informal collectors face any bans on 
certain areas?  
ھل یواجھ الجامعون الغیر رسمیین أي حظر 
على دخول مناطق معینة؟ 
 
 gov’t the by way any in resisted they Are
 forced confiscations, detainments, (fines,
 payments)?ھل ھناك اي مقاومة بأي شكل 
من الأشكال من قبل الحكومة )الغرامات، 
الاعتقال، المصادرات، الدفع الإجباري(؟	
 
Do you think this is fair?  
ھل تعتقد أن ھذا عادل؟ 
 
How would you change that? 
كیف یمكن تغییر وتحسین ذلك الوضع؟	  
How is the collection divided among the 
informal sector and who decides the areas, 
fractions, and portions? 
كیف یتم تقسیم مناطق الجمع بین القطاع 
غیر الرسمي ومن یقرر المناطق وانواع 
المخلفات المجمعة والكمیات؟ 
 
Did you ever get injured or sick as a result of 
your work as a collector? What did you do? 
ھل سبق لك أن أصبت أو مرضت نتیجة لعملك 
في مجال ادارة المخلفات؟ كیف تصرفت؟	
 
Do you have access to public or private 
medical services? 
ھل یمكنك الوصول إلى الخدمات الطبیة 
الحكومیة أو الخاصة؟	
 
Do you know the hazards associated with 
waste collection and temporarily storage of 
e-waste? Please explain the type of hazards 
ھل تعرف المخاطر المرتبطة بجمع 
المخلفات الالكترونیة والتخزین المؤقت 
لھا؟		 ما ھي تلك المخاطر؟ 
 
What would the gov’t do that might make 
you think of becoming part of the formal 
sector? Would social and medical insurance 
and tax exemption be one of those things? 
ما الذي یمكن ان تفعلھ الحكومة لتشجیعك 
في أن تصبح جزًءا من القطاع الرسمي 
لإدارة المخلفات؟ ھل سیكون التأمین 
الاجتماعي والطبي والإعفاء الضریبي أحد 
ھذه الحوافز؟	
 
What are the problems faced with e-waste 
collection, transportation or handling? 
ما ھي المشاكل التي تواجھھا في عملیة 
جمع المخلفات الإلكترونیة او نقلھا او 
التعامل معھا؟ 
 
  116 
What is the current situation of the collection 
business? 
ما ھو وضع مشاریع الجمع والنقل 
للمخلفات الالكترونیة في مصر؟ 
 
If you could start your own collection 
business (formal or informal) what changes 
would you do from the current situation? 
إذا كان لدیك القدرة على بدء عمل خاص 
بك في مجال ادارة المخلفات الالكترونیة 
)بشكل رسمي أو غیر رسمي( ما ھي 
التغییرات التي ستفعلھا عن الوضع 
الحالي؟	
 
Do you think the producer should be held 
responsible for the handling of the generated 
e-waste (EPR programs)? How would it be 
useful? 
ھل تظن انھ یجب وضع مسؤولیة التعامل مع 
المخلفات الالكترونیة على المصنع؟ كیف 
سیفید ذلك؟ 
 
If there is an EPR program implemented and 
you as the informal sector are required to do 
the collection from the collection points 
instead of the normal street peddling and 
waste scavenging would you be willing to be 
part of that? What if the gov’t requires you to 
be registered in order to be able to be part of 
this program and this registration requires 
improved conditions which the program 
would assist with its expenses, would you be 
still willing to be part of this program? 
إذا تم تنفیذ برنامج EPR في مصر وشمل 
البرنامج القطاع غیر الرسمي لیقوم 
بعملیة الجمع من نقاط التجمیع المحددة 
بدًلا من التجوال العادي في الشوارع ونبش 
النفایات، فھل ستكون على استعداد 
للمشاركة في ھذا البرنامج؟ ماذا لو 
طلبت منك الحكومة أن تكون مسجًلا بشكل 
رسمي لتتمكن من أن تكون جزًءا من ھذا 
البرنامج ویتطلب ھذا التسجیل تحسین 
شروط السلامة والصحة بالعمل والتي 
سیساعد البرنامج في نفقاتھا، فھل ستظل 
على استعداد للمشاركة في ھذا البرنامج؟	
 
How do you transport the collected 
amounts? Do you face any problems or 
regulations? 
كیف تقوم بنقل المخلفات الالكترونیة 
التي تم جمعھا؟ ھل تواجھ أي مشاكل أو 
عراقیل قانونیة؟	
 
Do you know of any gov’t regulations 
regarding e-waste that would be issued in 
the future?  
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ھل تعرف عن أي لوائح حكومیة تتعلق 
بالمخلفات الإلكترونیة سیتم إصدارھا في 
المستقبل؟  
What are you most afraid of such 
regulations? 
ما أكثر ما تخشاه من مثل ھذه 
اللوائح؟ 
Do you recommend any plans for the e-
waste sector in Egypt? How can it be 
profitable? 
كیف یمكن جعل قطاع ادارة المخلفات 
الالكترونیة مربح في مصر؟ 
 
How can the collection be improved in 
Egypt? 
كیف یمكن تحسین عملیة الجمع في مصر؟ 
 
Would it be preferable to separate the 
treatment from the collection or it would 
harm businesses? 
ھل من الأفضل الفصل بین عملیات المعالجة 
والجمع أم أن ھذا سیضر بالشركات 
العاملة في القطاع؟		
 
If they are separated, what would the 
collector status be, would they be a partner 
to the treatment sector or just a supplier? 
إذا تم فصلھم، ما وضع العاملین بالجمع، 
ھل سیكونون شركاء في قطاع المعالجة أم 
یبقون موردین؟ 	
 
 
 
• Separation and pretreatment: 
• الفصل والمعالجة المسبقة:	
What pretreatment do you take part in? 
 What are the methods? 
ما ھي المعالجة المسبقة التي تشارك 
فیھا؟ ما ھي الطرق المتبعة؟  
 
Are you satisfied by how separation and 
pretreatment are done?  
ھل أنت راض عن كیفیة إجراء الفصل 
والمعالجة المسبقة؟ 	
What improvement would you suggest? 
ما ھو التحسن الذي تقترحھ؟	
 
Do you know that pretreatment practices can 
affect your health and family?  
ھل تعلم أن ممارسات المعالجة المسبقة 
یمكن أن تؤثر على صحتك وصحة عائلتك؟ 	
What if there is a program to make these 
practices safer, but you are required to be 
registered, would you do that? 
ماذا لو كان ھناك برنامج لجعل ھذه 
الممارسات أكثر أماًنا ولكنك مطالب 
بالتسجیل، فھل ستفعل ذلك؟ 
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If there is a company that does pretreatment 
and separation would you work for it or 
remain informal? 
إذا كانت ھناك شركة تقوم بإجراء 
المعالجة المسبقة والفصل، فھل ستعمل من 
أجلھا أم تفضل البقاء ضمن القطاع الغیر 
رسمي؟	
 
Do you think you are being paid enough? 
ھل تعتقد أنك تتقاضى راتب كافي؟	  
What problems do you face with separation 
and pretreatment? 
ما ھي المشاكل التي تواجھھا في عملیة 
الفصل والمعالجة المسبقة؟	
 
Do you think the collection is efficient and 
delivers the required amount? How would 
you improve that? 
ھل تعتقد أن عملیة الجمع فعالة وتقدم 
الكمیات اللازمة لجعل عملیة الفصل 
والمعالجة مربحة؟ كیف یمكن تحسین ذلك؟	
 
If there is a partially funded program that 
would support improved pretreatment and 
would increase the efficiency of extraction 
and marketability of collected waste, yet you 
would need to invest the remaining amount, 
would you be interested? 
إذا كان ھناك برنامج ممول جزئیًا یدعم 
تحسین عملیة المعالجة المسبقة وسیزید 
من كفاءة استخلاص النفایات المجمعة 
وتسویقھا، إلا أنك ستحتاج إلى استثمار 
المبلغ المتبقي، ھل ستكون مھتمًا؟ 
 
Do you know of any gov’t regulations 
regarding e-waste that would be issued in 
the future? 
 ھل تعرف عن أي لوائح حكومیة تتعلق 
بالمخلفات الإلكترونیة سیتم إصدارھا في 
المستقبل؟  
What are you most afraid of such 
regulations? 
 ما أكثر ما تخشاه من مثل ھذه اللوائح؟ 
How can this be resolved and what are your 
recommended regulations to be included? 
كیف یمكن حل ھذا	وما ھي اللوائح التي 
توصي بھا؟ 
 
Do we have landfills for e-waste in Egypt?  
ھل لدینا مدافن للنفایات الإلكترونیة في 
مصر؟  
What happens to rejects from separation and 
treatment?  
ماذا یحدث للمواد المرفوضة من عملیة 
الفصل والمعالجة المسبقة؟ 
How can we improve this process?  
كیف یمكننا تحسین ھذه العملیة؟	
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Do you recommend any plans for the e-
waste sector in Egypt? 
How can it be profitable? 
كیف یمكن جعل قطاع ادارة المخلفات 
الالكترونیة مربح في مصر؟ 
 
Is there separation and pretreatment 
techniques preferred over others? Why?  
ھل ھناك تقنیات للفصل والمعالجة 
المسبقة مفضلة على غیرھا؟ لماذا؟	
What is the most efficient? Is that 
implemented here? Why not? 
ما ھي التقنیات والطرق الأكثر كفاءة؟ ھل 
یتم تنفیذ ھذه الطرق ھنا؟ لما لا؟ 
 
 
Can a separation only or pretreatment only 
business be profitable, or it needs to do 
other parts of the waste management cycle? 
ھل یمكن أن تكون عملیة الفصل فقط أو 
المعالجة المسبقة فقط مربحة ام أنھا 
تحتاج إلى القیام بعملیات اخرى من 
منظومة إدارة المخلفات؟ 	
 
 
 
• Treatment and recovery: 
• المعالجة واسترجاع المواد:	
How far is the treatment and recovery 
process efficient?  
Do you think this can be improved? 
ما مدى فاعلیة عملیة المعالجة واسترجاع 
المواد؟ ھل تعتقد أن ھذا یمكن تحسینھ؟	
 
If there is a program or regulations that 
would help improve the efficiency of 
treatment and material recovery and the 
quality of the produced materials, but this 
program might require improved working 
conditions and formalization of the system, 
would you take part in that program? Why?  
إذا كان ھناك برنامج أو لوائح من شأنھا 
أن تساعد على تحسین كفاءة المعالجة 
واسترجاع المواد وجودة المواد المنتجة، 
ولكن قد یتطلب ھذا البرنامج تحسین ظروف 
العمل وإضفاء الطابع الرسمي على 
النظام، ھل ستشارك في ھذا البرنامج؟	
 
Do you suggest any program to improve the 
efficiency of treatment and material recovery 
and the quality of the produced materials? 
ھل تقترح أي برنامج لتحسین كفاءة 
المعالجة واسترجاع المواد جودة المواد 
المنتجة؟	
 
Would the formalization of the informal 
sector improve anything in the waste 
management process or only impose a 
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financial stress on the sector? How can this 
be resolved? 
ھل سیؤدي إضفاء الطابع الرسمي على 
القطاع غیر الرسمي إلى تحسین أي شيء في 
عملیة إدارة النفایات أو سیؤدي فقط إلى 
فرض ضغوط مالیة على القطاع؟ كیف یمكن 
حل ھذا؟	
Has the treatment and recovery process 
changed from 10 years ago? Do you 
experiment with new techniques to improve 
efficiency?  
ھل تغیرت عملیة المعالجة واسترجاع 
المواد من 10 سنوات؟ ھل تجّرب تقنیات 
جدیدة لتحسین الكفاءة؟ 
 
Do you feel health and safety might be 
affected by the techniques implemented? 
ھل تظن أن الصحة والسلامة قد تتأثر 
بالتقنیات المستعملة؟	
 
Do you think we have enough e-waste 
generated to start e-waste treatment industry 
in Egypt?  
ھل تعتقد أن لدینا ما یكفي من النفایات 
المولدة لقیام صناعة تعتمد على معالجة 
المخلفات الإلكترونیة في مصر؟	
 
Is it possible to have a profitable treatment 
only business in Egypt specialized in one 
material? What would that material be? 
ھل من الممكن قیام مشاریع في مصر 
متخصصة في معالجة مادة واحدة فقط؟ ما 
ھي تلك المادة؟ 
 
Do we have landfills for e-waste in Egypt?  
ھل لدینا مدافن للنفایات الإلكترونیة في 
مصر؟  
What happens to rejects from separation and 
treatment?  
ماذا یحدث للمواد المرفوضة من عملیة 
الفصل والمعالجة المسبقة؟ 
How can we improve this process?  
كیف یمكننا تحسین ھذه العملیة؟ 
 
Do you recommend any plans for the e-
waste sector in Egypt? How can it be 
profitable? 
كیف یمكن جعل قطاع ادارة المخلفات 
الالكترونیة مربح في مصر؟ 
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Appendix B: Questionnaire 
1. Copy of questionnaire Conducted  
 
E-waste management in Egypt 
This survey aims to understand consumer behavior towards electronic waste in Egypt and their awareness regarding the e-
waste management issue in Egypt. The information is being collected for research purposes as part of a master’s thesis and is 
confidential. The findings may be published or presented or both. Your participation in this study is voluntary. 
Please choose your age group 
 <18   18-30  31-45   46-55  46-55  55+ 
Please chose your highest earned degree 
 High school  University degree  Post Graduate   Other …… 
What do you do with your electronic equipment (Cellphone, TV, Tablet, kitchen appliances, 
…etc.) when they get old or when damaged? 
 Throw away   Sell to second-hand stores  Store them   Other 
…… 
Are you aware that electronic waste has a hazardous effect on the environment and may 
cause health problems to waste handlers? 
 Yes   No  
If there is a program for the collection and safe disposal of your electronics, would you take 
part in? 
 Yes   No 
If this program requires you to pay an extra fee when buying your product or at drop off, 
would you still take part in the program to ensure safe disposal of your electronics? 
 Yes   No 
If there is another program for the collection and safe disposal of your electronics that 
requires you to pay a fee when buying the product and take it back when you drop it off for 
disposal, would you take part in that program? 
 Yes   No 
Which would you prefer, a disposal fee collected and managed by the producer or retailer, or 
is a disposal fee collected as a tax by the government? 
 Collected and handled by the producer    Tax by the government   
From the above-mentioned programs, which would you prefer the most? 
 Non-refundable disposal fee 
 Tax collected and handled by the government 
 Advance disposal fee that is refunded upon drop off of product at the collection point 
 
 
 
  
  122 
2. Summary of questionnaire results 
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Appendix C: Authorized e-waste recyclers in Egypt  
 
